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Annex I t o  E x h i b i t  A, Sta t emen t  o f  Work Payload I n t e g r a t i o n  o f  
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1.1 Purpose - This document r e p o r t s  on the  f i n a l  r e s u l t s  
of t h e  Skylab 112 TO27 Sample Array p o s t f l i g h t  d a t a  a n a l y s i s  
program. 

1.2 Reference Documents - In  an  a t tempt  fo r  completeness,  
s e v e r a l  important documents have key por t ions  summarized i n  the  
appendices a t  the  end of t h i s  r e p o r t .  Other sample a r r a y  do- 
cuments have t h e i r  t a b l e  of c o n t e n t s  l i s t e d .  The following l i s t  
of documents i n  chronologic o rde r  a r e  included i n  the  appendices.  

1. Experiment Proposal f o r  Manned Space F l i g h t ,  ATM 
Contamination Measurement, Experiment Number T027, 
A!lgust, 1967, 75 pages. 

2.  MCR-68-78 P o t e n t i a l  AAP C l u s t e r  O r  Apollo Contamina- 
t i o n  Monitor i n  Support of ATM, March, 1968, 131 pages. 

3. MCR-70-136 Sample Array Mass P r o p e r t i e s ,  May 7 ,  1970, 
23 pages. 

4 .  MCR-70-135 TO27 Cleaning And Handling Procedures For  
O p t i c a l  Samples, 6 pages. 

5. SE-010-028-2H, Experiment Requirements Dccument f o r  
Contamination Measurement (Experiment TC27) Sample 
Array System, May 28, 1971, 56 pages. 

6 .  EiCR-70-140 (Rev 1)  Operat ing,  Mainteslance and Handling 
Proced.~res  fo r  TO27 Sample l r r a y  System F l i g h t  Hard- 
ware, September 10, 1971, 29 pages. 

7.  TR1-61M0001 Q u a l i f i c a t i o n  Test  Report on Sample Array 
System, Opt ica l  S c a t t e r i n g  and Contamination Experi-  
ment (T027), November 29, 1971, 68 pages. 

8. MCR-70-133 (Rev 3) Sample Array Acceptance Test  
Procedure, June 1, 1972, 23 pages. 

9. S p e c i f i c  , t ion  Number 61M10006 End Item S p e c i f i c a t i o n  
Performance and Design Requirements (End Item 
No. 89900000114) f o r  the  TO27 Sample Array System, 
J u l y  1,  1972, 23 pages. 

10. MCR-72-226 TO27 Sample Array Guest S c i e n t i s t  Program, 
August 25, 1972, 35 pages. 



11. ED-2002-1547, KSC Sample I n s t a l l a t i o n  Plan,  September 15, 
1972, 6 pages. 

12. ED-2002-1655, P r e f l i g h t  and Post F l i g h t  TO27 Sample Mea: rre- 
ment Plan,  March 23, 1973, 84 pages. 

13. ED-2002-1698, 30 Day TO27 Sample Array and Photometer S t a t u s  
Report ,  J u l y  25, 1973, 18 pages. 

14. ED-2002-1708, TO27 SL-112 Experiment Report (Pre l iminary)  , 
October 1, 1973, 77 pages. 

15. T027-SA-11-73, Sample Array Carrousel  Operation Post F l i g h t  
Test  Report ,  November 19,  1973, 9 pages. 

16. T027-SA-1-74, Sample Array Carrousel  Operations Pcs t  F l i g h t  
Tes t  Report ,  January ,  1974, 13 pages. 

1.3 Object ive  of TO27 Sample Array - TO27 w i l l  determine 
the  change i n  o p t i c a l  p r o p e r t i e s  of va r ious  t ransmiss ive  win- 
dows, mi r ro r s ,  and d i f f r a c t i o n  g r a t i n g s  caused by the  deposi-  
t i o n  of contaminants found about the  o r b i t a l  assembly (OA). A 
gues t  s c i e n t i s t  program provides sample space on the  a r r a y  t o  
involve i n t e r e s t e d  s c i e n t i s t s  (Apollo Telescope Mount, ATM, 
i n v e s t i g a t o r s  and o t h e r s )  t o  determine the  e f f e c t  of spacn con- 
taminants on t h e i r  o p t i c a l  components. 

1.4 Goals - The expected informat ion t o  be obta ined from 
t h e  t o t a l  TO27 sample a r r a y  program i s  a s  follows: 

A. E f f e c t  of space contaminants on t r ansmi t t ance ,  
r e f l e c t a n c e  , g r a t i n g  e f f i c i e n c y ,  and p o l a r i z a t i o n ;  

8. Varia t ions  i n  d e p o s i t i o n  of  contaminants aue t o  
s u b s t r a t e ,  s o l a r  r a d i a t i o n ,  period of  exposure,  
d i r e c t i o n  of exposure,  arid geometry e f f e c t s ;  

C. I d e n t i f i c a t i o n  of contaminants and source  of 
evolcltion; 

D. Time o f  contaminant evo lu t ion  and l i n g e r i n g  time; 
and f i n a l l y  

E. Guidel ines  f o r  a model of s p a c e c r a f t  contamina- 
t ion. 



1.5 Hirtory - TO27 was o r ig ina l ly  propored t o  determine 
the extent  and degree of a po ten t i a l  contamination problem f o r  
the planned ATM experiments. The experiment was proposed f o r  
inclusion on the Com~and Service Module IA mission t o  provide 
e a r l y  information on the contr ibut ion of the serv ice  module t o  
the contamination problem. The t r a g i c  Apollo f i r e  durirlg a 
ground simulation t e a t  eliminated the s c i e n t i f i c  a i r l o c k  (SAL) 
from the  comnand module; the TO27 instruments red the a i r l o c k  
f o r  exposure i n t o  space. The a r r a y  was then proposed f o r  the  
e a r l y  f l i g h t s  of the Apollo Applications Program t o  determine 
the conditions f o r  l a t e r  ATM missions . Subsequent delays i n  
the program and changes i n  t he  mission resu l ted  i n  the sample 
a r r ay  being flown with the ATM experiments on the  Skylab (SL) 
112 f l i g h t .  

The delay i n  the ac tua l  performance of the sample a r r ay  
from the propored f l i g h t s  did not e f f e c t  the  bas ic  configuration 
of the instrument. The only major change was the  inclusion of 
two quartz c r y s t a l  microbalancee (QCM) by Marshall Space F l igh t  
Center (MFC) t o  monitor the real-time deposi t ion of contaminants. 
Figure 1 is a photograph of the mockup b u i l t  t o  i l l u s t r a t e  the  
i n i t i a l  concepts of exporing d i f f e r en t  s e t s  of samples manually 
by the crew from ins ide  the spacecraft .  Figure 2 shows the 
f i r s t  engineering model designed during the f e a s i b i l i t y  phase 
of the  TO27 instruments. A t  t h i s  time the  a r r ay  was e n t i r e l y  
1 .  --dent of t he  spacecraf t  except f o r  the mechanic~l  i n t e r -  
face WIL.. ha SAL. Batteries woula power the two ro t a t ing  
carrousels.  Fib,-- 3 is a photograph of the f l i g h t  scinple a r r ay  
being Loaded with ;amp~e- a t  Kennedy Space Center (KSC). 









2. SAMPLE ARRAY HARDWARE 

2.1 Hardware Description - The sample a r r a y  system i s  
stowed i n  a stowage container  i n  t he  o r b i t a l  workshop (OWS) 
during launch. The a r ray  system and stowage container  pro tec t s  
the  samples a t  a l l  times except when they a r e  exposed t o  the 
ex te rna l  OA environment. The sample a r r ay  system a s  shown i n  
Fig. 4 ;  c o n s i s t s  of an upper car rouse l ,  two quar tz  c r y s t a l  
microbalances, a box, a pos t ,  a top lower car rouse l ,  a lower 
carrousel ,  a canister, extension rod, and the con t ro l  e lec-  
t ronics .  

The upper car rouse l  contains  30 samples and one quartz  
c r y s t a l  microbalance. The car rouse l  exposes f i ve  samples for  
one day each for  f i v e  consecutive days. The upper car rouse l  
samples a r e  protected by a valve on t h e  f ron t  of t he  car rouse l  
be fore and a f t e r  experiment operat ion. 

The box contains  one microbalance and 36 samples, the post 
contains  30 samples, and the top  lower carrousel  contains  29 
samples. These samples a r e  a l l  exposed continuously during the 
f i v e  day exposure period. 

The lower car rouse l  has th ree  r ings  of 26 samples each. 
The inner two r ings  simultaneously expose one sample each fo r  
one hour. The outer  r i n g  simultaneously exposes two samples 
for  two hours. These r i ng  sanples a r e  only exposed during the 
f i r s t  24 hours. 

On the i taside of the  r ea r  c a n i s t e r  s ec t i on  there  a r e  45 
cont ro l  samples. These sanples  a r e  located on the four inner  
walls and on the back s ide  of the  cont ro l  panel. S l i d ing  
p l a t e s  automatical ly  cover approximately ha l f  of these  samples 
when the a r r ay  is  deployed. When the sample a r ray  is  r e t r ac t ed ,  
a l l  of the con t ro l  samples a r e  exposed t o  t he  i n t e r n a l  c a n i s t e r  
environment. 

The two quar tz  c r y s t a l  microbalances w i l l  provide near 
real- t ime contaminant deposition. One microbalance i s  or iented 
toward the sun and the o ther  is or iented along the OWS longi- 
t ud ina l  ax i s  facing the ATM. 

Appendix A has more d e t a i l s  on the  sample a r r ay  hardware 
and a b r i e f  descr ip t ion  of i t s  f l i g h t  operation. 

2.2 F l igh t  Qua l i f i ca t i on  Test -The sample a r r ay  system 
was subjected t o  numerous t e s t s  t o  v e r i f y  i t s  f l i g h t  readiness.  





A few operat ional  d i f f i c u l t i e s  occurred but were l a t e r  resolved. 
Appendix B contains se lec t ions  from the qua l i f i ca t ion  t e s t  
report and a few l e t t e r s  of correspondence concerning the t e s t  
and operational d i f f i c u l t i e s .  Unfortunately, the t o t a l  o r ig i -  
nal  t e s t  report  was not de ta i led  enough t o  fu l ly  r e f l e c t  a l l  
the da ta  f ~ ) m  the t e s t s .  O f  par t icu lar  importance were the 
thermocouple measurements which regis tered the temperature a t  
30 d i f f e r en t  posi t ions on the array. Data taken by the pr inci-  
pal invest igator  during the t e s t  and l a t e r  TO27 furnished tabu- 
l a r  l i s t s  show tha t  during the s t a r t  of the thermal vacuum 
t e s t ,  the areas  around both carrousels  were colder than -100 F. 
When power was applied the lower carrousel  operated and 24 
hours l a t e r  the upper carrousel  rotated and both continued to  
ro t a t e  the samples under the exposure holes.  It should be 
noted tha t  when the upper carrousel  operatgd, the low tempera- 
ture  extreme was cycling down t o  about -50 F during the 30 
minute so la r  simulator off periods (60 minutes so la r  simulator 
on,then 30 minutes o f f ) .  Figures 5 and 6 a re  photographs of 
the array i n  i t s  separate chamber to  simulate the temperatures 
and pressures of the OWS in t e r io r  and again mounted t o  the 
large chamber to  simulate space and so l a r  radiat ion.  







3. SAMPLES 

3.1 Sample His to ry  - The h i s t o r y  of each sample -8 
recorded from the  i n i t i a l  s p e c i f i c a t i o n s  t o  t h e  f i n a l  d i s p o s i -  
t i o n  of t h e  sample. The following o u t l i n e  b r i e f l y  d e s c r i b e s  
the  c o n t r o l  and documentation o f  t h e  samples i n  genera l .  

a. S e l e c t i o n  - The i n i t i a l  s e l e c t i o n  of t h e  samples 
began i n  1967 a s  documented i n  Experiment Proposal ,  
NASA Form 1346, ATM Contamination Measurement, 
August 1967. Af te r  numerous reviews acd the na- 
t u r a l  e v o l u t i o n  o f  t h e  a r r a y  and the  Skylab m i s -  
s i o n  i t s e l f ,  t he  f i n a l  sample d e s i g n a t i o n  is  
l i s t e d  i n  drawing 89900000124. I n i t i a l  vendor 
b i d s  were obta ined f o r  t h e  procurement o f  the  
samples from t h i s  drawing. 

b. Procurement - Afte r  reviewing t h e  b i d s ,  key ven- 
d o r s  were v i s i t e d  t o  f u l l y  e x p l a i n  t h e  use  and 
requirements of  the  samples and t o  i n s p e c t  t h e  
t e s t i n g  f a c i l i t y  of each vendor. The f i n a l  
packaging of the samples and handl ing precau- 
t i o n s  allowed the  measurement program t o  begin 
upon r e c e i p t  o f  samples and no c lean ing  was 
necessary .  

c. Receiving and Inspec t ion  - Each sample received 
was inspected according t o  t h e  procedures c a l l e d  
ou t  i n  MCR 72-129, Procedures f o r  Receiving In- 
s p e c t i o n ,  Hindl ing,  T e s t  Inspec t ion ,  and S to rage  
TO27 Samples. I n  genera l ,  eve ry  sample was 
measured by Qua l i ty  Control  f o r  c o r r e c t  dimen- 
s i o n s  and reviewed f o r  compliance t o  the  spec i -  
f i c a t i o n s  c a l l e d  out  i n  drawing 89900000124. 
A f t e r  inspec t ion  the  samples were l ~ g g e d  i n t o  t h e  
sample log book and placed i n t o  the  ground 
s t o r a g e  con ta ine r .  

d. Storage - Three c o n t a i n e r s  were b u i l t  t o  drawings 
SSL 233339 through SSL 233343 t o  c o n t r o l  the  
samples dur ing  t h e  p r e f l i g h t  and post  f l i g h t  
per iods .  The a l l  metal c o n t a i n e r s  were kept  i n  
a locked metal c a b i n e t  t o  c o n t r o l  access  t o  t h e  
samples. Since  each sample did  not  have a s e r i a l  
number, each p o s i t i o n  i n  t h e  c o n t a i n e r  was num- 
bered and the c o n t a i n e r s  were l a b e l l e d  1, 2,  and 
3. The p o s i t i o n s  were l a b e l l e d  2-250 (except 54) 



corresponding L O  the  p o s i t i o n s  of the  sample a r r a y  
i t s e l f  shown i n  drawing 89900000124. The QCM's 
a r e  numbers 1 and 54. 

e. Measurement Control  - A s  each sample was removed 
from the  s t o r a g e  case ,  i t  was recorded i n t o  t h e  
Sample Log In/Out Book a long wi th  t h e  name of the  
person and work t o  be performed. Each l abora to ry  
t echn ic ian  only removed one sample a t  a time t o  
reduce e r r o r s  i n  replacement and the  r e t u r n  was 
recorded i n  the  log book. Per iodic  reviews of 
the  log  books v e r i f i e d  the  workings of  the  pro- 
cedure and cor rec ted  any problems. A l l  handl ing 
and c lean ing  of the  samples was c o n t r o l l e d  by 
MCR 72-135 TO27 Cleaning and Handling Procedures 
For O p t i c a l  Samples. 

f .  P r e f l i g h t  Readiness Review - Before t h e  samples 
were shipped t o  KSC fo r  i n s t a l l a t i o n  i n t o  the  
sample a r r a y ,  a review of the samples by NASA, 
AFPRO, and MMC Qual i ty  was held .  The complete- 
ness  of t h e  p r e f l i g h t  measurements was determined; 
inspec t i o n  and c e r t i f i c a t i o n  of  c l e a n l i n e s s  of  the  
samples and c o n t a i n e r ,  compiling the  acceptance 
package, and f i n a l  i n s t a l l a t i o n  of  a l l  f l i g h t  
samples and spa res  i n t o  the  ground s t o r a g e l t r a n s -  
p o r t a t i o n  c o n t a i n e r  were documented f o r  shipment 
t o  KSC. A l l  of the  samples were i n d i v i d u a l l y  
photographed before  p lacing i n t o  the  con ta ine r .  

g. I n s t a l l a t i o n  a t  KSC - Document ED-2002-1547 KSC 
Sample I n s t a l l a t i o n  Plan, September 15 ,  1972 
d e s c r i b e s  the  procedure t o  be used a t  KSC. The 
work was performed on a c l a s s  10000 c l e a n  bench 
us ing gloves  and c l e a n  t o o l s .  Photographs of 
the  i n s t a l l e d  samples documented the  p o s i t i o n  
and c o n d i t i o n  of the  samples a t  i n s t a l l a t i o n .  
A t  t he  completion of t h e  f i n a l  on-module t e s t ,  
t h e  sample a r r a y  and the  a r e a  beneath the  cover 
p l a t e s  i s  evacuated and back f i l l e d  wi th  d r y  
gaseous n i t r o g e n  t o  5 p s i .  The a r r a y  i s  then 
placed i n t o  the  f l i g h t  rtowage c o n t a i n e r ,  
evacuated,  and back f i l l e d  t o  5 p s i  wi th  n i t r o g e n  
and sea led .  



3.2 S p e c i f i c a t i o r ~  and P r e f l i g h t  Location of Samples - 
The following s i x  (6) s h e e t s  of Drawing Number 89900000124 spe- 
ciEy the  l o c a t i o n  and requirements fo r  each sample i n  the pre- 
f l i g h t  planning. T h i r t y  t h r e e  gues t  sample p o s i t i o n s  were 
o r i g i n a l l y  planned t o  provide con t r o l l e d  exposure and r e t u r n  
of samples t o  s c i e n t i s t s  fo r  t h e i r  assessment. Replacement 
samples were ass igned i n  c a s e  the  samples were no t  ready f o r  
i n s t a l l a t i o n  i n t o  t h e  a r r a y  a t  Kennedy Space Center (KSC). The 
o r i g i n a l  l i s t  of  s i x  l a b o r a t o r i e s  has  decreased t o  those  
shown i n  Table 1. 

Each gues t  s c i e n t i s t  was respons ib le  f o r  a l l  measurements 
performed on h i s  samples. The sample a r r a y  system provides 
the  mechanism of exposure f o r  h i s  sa~nples .  Complete d e t a i l s  
on the  guest  s c i e n t i s t  program can be found i n  the  35-page r e -  
por t  MCR-72-226 TO27 Sample Array Guest S c i e n t i s t  Program, 
August 25, 1972. 

3.3 P r e f l i g h t  Measurements - The p r e f l i g h t  measurements 
c o n a i s t i n g  of t ransmiss ion,  r e f l e c t i o n ,  e l l ipsomet ry ,  a t t enua-  
+c-. i o t a 1  r e f l e c t i o n ,  g r a t i n g  ef f i c i e n c y / r e s o l u t i o n ,  and photo- 
graphy were performed dur ing  a period of n ine  months. Through- 
o u t  t h i s  pe r iod ,  measurements of numerous samples were repea ted  
t o  document t h e  r e p e a t a b i l i t y  of t h e  measuring ins t ruments .  As 
i t  was necessary  t o  c l e a n  some of the  samples, these  measure- 
ments were repeated t o  prove t h e  c lean ing  procedure d id  not  
change t h e  o p t i c a l  proper ty  of the sample. 

In order  t o  reduce the  necessary  handl ing of each sample, 
s p e c i a l  ho lde r s  were designed and b u i l t  t o  i n t e r f a c e  with a l l  
the  measuring ins t ruments .  Figures 7 - 1 1  show examples of 
these  holders .  

3.3.1 X-Ray Measurements - The fused quar tz  f l a t s  and 
the beryl l ium f o i l  a r e  used tc  ~ i u ~ l u l a t e  the  su r face  of a graz- 
ing incidence X-ray mirror  and window of an X-ray p ropor t iona l  
counter .  The X-rays a r e  produced by a tung t en  t a r g e t  tube 
(Bremsstrahlung) continuously from 28 t o  60 ! . An ADP c r y s t a l  
w i l l  provide 2.75g and 5.42 wavelengths;  a KAP c r y s t a l  w i l l  
provide 8.348. The d e t e c t o r  i s  a p ropor t iona l  counter  us ing 
an xenon-methane gas mixture and A 0.15 m i l  mylar window. The 
f o i l s  a r e  measured a t  a l l  t h r e e  wavelengths, whi le  the  o p t i c a l  
f l a t s  were only measured a t  8.348. 

The t ransmiss ion of the  f o i l s  was determined by i n s e r t i n g  
and removing the  sample from the  beam. The d e t e c t o r  was 
placed s o  a s  t o  i n t e r c e p t  the  d i r e c t  X-ray beam. The r e f l e c -  
t i o n  was determinsd by moving the d e t e c t o r  i n  increments of 10 
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Figure 7. Sample Holders for Various Size Samples 



Figure 8 .  Sample P l u s  Holder in W V  Dnuhlc Ream A t t a c h m ~ n t  





Figure 10. Sample Plus Holder i n  I R  Parabolic R e f l e c t m e t e r  





TABLE 1 - TO27 GUEST SCIENTIST SAMPLES 

I 
Laboratory Comnents 

Four Coated ' 1  
Mirrors i n  
One Holder 

I 
' P t ,  Ir, as, W i 

Iridium Coated 
Cervit  Mirrors 

Au & N i  crystal: o 
i n  One Holder 

Elec t re t  

I 
3 

7 Harvard College Reflectance a t  461i ,  
Observatory 5 8 4 ~ ,  735A, 743A, 

F. Kasznski 919A, 932A, 1025A, 
I 

617 - 495-3955 1048A, 1 0 6 6 ~ ,  and i 

Harvard College Cervit  Substrate  
Observatory Reflectance a t  same 

F. Kasznski Wavelengths a s  
617 - 495-3955 Iridium 

Marshall Space Auger Ana i y s i s  , Type 
F l igh t  Center and Thickness of 

P. Pe te rs  Contaminants 
205 - 453-5135 ; 

1 
! 

Marshall Spacr; 8 E l e c t r i c a l l y  Charged 
F l igh t  Center , ~ e f l o n  Disc 

E. Shriver  

i S13G Thermal j 2 

I Paint 

: Microbalance I 

Optical Black 

I I 

I l l i n o i s  I n s t i -  
t u t e  of 
Technology 

G. Zerlaut 
312 - 225-9630 

Marshall Space 
F l igh t  Center 

R. Naumann 
205 - 453-0940 

j & t i t  tance Changes 

Contaminant Mass 
Deposit ion 

Ootical Physics Reflectance Changes 
Laboratory 

J. Wade 
303 - 794-5211 



a r c  seconds ac ross  the  r e f l e c t e d  beam and a c r o s s  the  i n c i d e n t  
beam with  t h e  sanple  removed. The angle  o f  incidence f o r  t h e  
r e f l e c t  ion measurements was 55 a r c  seconds. R e f l e c t i o n  a t  
nea r  g raz ing  incidence i s  very s e n s i t i v e  t o  smal l  q c a n t i t i e s  of  
contaminant; however, i f  l a r g e  amounts of contaminants a r e  
found, the  beryl l ium f o i l s  w i l l  provide important  da ta .  

3.3.2 EW Measurements - Both g raz ing  incidence and 
normal incidence vacuum u l t r a v i o l e t  monochromators wi th  a 
double beam attachment were used t o  measure the  r e f l e c t  'on and B t ransmiss ion o f  samples i n  the  ex t rexe  u l t r a v i o l e t ,  280 t o  
12008. Only aluminum f o i l s  were n ~ a s u r e d  i n  wavelengths 
s h o r t e r  than 60011. A uranium anode pu l s ing  l i g h t  source  was 
used t o  produce over 30 l i n e s  i n  the  region 280g t o  120061. 
The source  designed and b u i l t  by R. Car lson,  Univers i ty  of  
Southern C a l i f o r n i a ,  was pulsed a t  a r a t e  of  90 t imes per 
second, and compressed a i r  furnished the  gas f o r  t h e  d i scharge  
region.  The double beam attachment c o n s i s t s  of  an o s c i l l a t i n g  
mirror  which d e f l e c t s  the  l i g h t  from the  e x i t  s l i t  t o  the  sanp le  
d e t e c t o r  and then t o  the  re fe rence  d e t e c t o r .  The d e t e c t o r s  
a r e  pho tomul t ip l i e r s  viewing the  f l u o r e s c e n t  emission from 
a sodium s a l i c y l a t e  s c r e e n  which i s  exc i t ed  by the  vacuum UV 
l i g h t .  When r e f l e c t i o n  measurements a r e  necessary ,  a r o t a t a b l e  
l i g h t  pipe painted with sodium s a l i c y l a t e  near  the  sample i s  
used t o  b r ing  t h e  r e f l e c t e d  beam s i g n a l  t o  the  sample d e t e c t o r .  
Inc iden t  ang les  of 10 degrees  and 45 degrees  were used,  and 
f o r  some samples, a d d i t i o n a l  ang les  of 30 degrees  and 60 de- 
g rees  were used. Because the  s i g n a l s  vary q u i t e  r a p i d l y ,  
the  r a t i o  of the sanple  beam t o  the  r n f e r e a c e  beam was per-  
formed by hand c a l c u l a t i o n s .  An e l e c t r o n i c  r a t iomete r  could 
not  follow a c c u r a t e l y  the  s i g n a l s  i n  t h i s  wavelength region.  
The r e f l e c t i o n  and t r ansmiss ion  of  t h e  sample i s  c a l c u l a t e d  wi th  
and without the  sample p resen t  by t h e  fo l lowing equat ion:  

% Reflect ion/Transmiss ion = R a t i o  of De tec to r s  with Sample 
Ra t io  of Detectors  without Sample x 100% (1) 

3.3.3 VUV Measurements - A normal incidence vacuum 
u l t r a v i o l e t  monochromator wi th  a double beam attachment was 
used t o  m t .  oure the  r e f l e c t i o n  and t ransmiss ion of samples i n  
the  vacuum u l t r a v i o l e t ,  1200g t o  30008. A hydrogen gas  d i s -  
charge l i g h t  source  was used t o  produce a continuum i n  the  
region 120061 t o  ~ O O O R .  The double beam attachment again  
produces two beams f o r  r a t i o  recording.  The r a t i o  of  the sam- 
p l e  beam t o  t h e  re fe rence  beam was done e l e c t r o n i c a l l y .  Inc i -  
dent  ang les  of  10 degrees ,  30 degrees ,  45 degrees ,  and 60 de- 
g rees  were used f o r  the  mirror  sanples .  



3.3.4 W/Vis i b l e  Measurements - The t ransmiss  ion charac-  
t e r i s t i c  of the  samples were obtained from 25002 t o  2.5 pm using 
a spectrophotometer. The instrument r ecords  the  r a t i o  of the  
sample beam t o  a r e fe rence  beam. The percent  t ransmiss ion i s  
ca lcu la ted  from the  system output wi th  and without the sample i n  
the  beam by the following equation:  

Detector  Output with Sample % Transmission = 
Detector  Output Without Sample 

The r e f l e c t i o n  c h a r a c t e r i s t i c s  of the  mi r ro r s  were obta ined 
with an i n t e g r a t i n g  sphere  a t t  ched t o  t h e  spectrophotometer B f o r  the  wavelength reg ion  2500 t o  2.5 p m .  The sample is  
placed a t  the  c e n t e r  of the  sphere and t h e  r e f l e c t e d  and r e -  
ference  beams a r e  c o l l e c t e d  by the  sphere  and sensed by a 
common d e t e c t o r .  Inc iden t  angles  of 10 degrees ,  30 degrees ,  
45 degrees ,  and 60 degrees  were used. 

Once aga in ,  the  d e t e c t o r  ou tpu t s  wi th  and wi thout  the  
samples p resen t  were used t o  c a l c u l a t e  the  r e f l e c t i o n  of the  
samples ; namely, 

Detector  Output wi th  Sample % Ref lec t ion  = 
Detector  Output Without Sample 

x 100% 

3.3.5 IR Measurements - The t r ansmiss ion  and a t t enua ted  
t o t a l  r e f l e c t i o n  measurements were done with a double beam 
i n f r a r e d  spectrophotometer.  A Kernst glower is  used a s  the  
source of i n f r a r e d .  S imi la r  t o  the  W I V i s i b l e  ins t rument ,  
the  t ransmiss ion i s  obta ined from a r a t i o  wi th  and wi thout  
the sample. 

The KRS-5 and Ge c r y s t a l s  a r e  used t o  o b t a i n  the i n f r a r e d  
spectrum of the  contaminants from 2.5 p m  t o  15 pm us ing  the  
technique of a t t enua ted  t o t a l  r e f l e c t i o n .  Because the  l i g h t  
i l l t e r a c t s  wi th  the  contaminant a t  each r e f l e c t i o n  (over 25 f o r  
t h i s  sample) t h i s  inc reases  the  s e n s i t i v i t y  of i n t e r n a l  r e -  
f l e c  t i o n  s p e c t r a  over transmiss ion spec t ra .  The s t r e n g t h s  
and p o s i t i o n  of  the  absorpt ion bands a r e  used t o  determine 
the composition of  t h e  contaminant. Complete d e t a i l s  on the  
procedure used i n  t h i s  technique can be found i n  a Martin Mar- 
i e t t a  Report fI1610-69-44. " In te rna l  Ref lec t ion  Spectroscopy 
a s  a Technique f o r  t h e  I d e n t i f i c a t i o n  and Monitoring of Space- 
c r a f t  Contamination Probleins1'. 



A parabo l i c  r e f l ec tomete r  was used t o  measure t h e  mirror  
samples. A heated c a v i t y  source  provides  t h e  hemispher ica l  in -  
c i d e n t  i n f r a r e d  r a d i a t i o n  on to  t h e  saap le .  The r e f l e c t e d  r a d i -  
a t i o n  a t  15  degrees  wi th  a  f ie ld-of-view of  11 degrees  is mon- 
i t o r e d  by an i n f r a r e d  monochromator. The r e f l e c t a n c e  i s  de- 
termined by t h e  r a t i o  of the  sample s i g n a l s  t o  a  r e fe rence  
sample. The s i g n a l s  a r e  d i g i t i z e d  and processed by t h e  REFLECT 
computer program. More d e t a i l s  on t h i s  system can be found i n  
t h e  Martin Mar ie t t a  Report #1610-68-43, "Parabolic Reflectome- 
t e r  - Descr ip t ion ,  Evaluat ion,  and Prel iminary  Measurement 
Invest  iga  t ion". 

3.3.6 El l ipsometry  - A s tandard  commercial e l l i p s o m e t e r  
was used t o  b a s e l i n e  the  r e f l e c t i o n  e f f e c t s  of t h e  c l e a n  mirror  
on the  s t a t e  of p o l a r i z a t i o n  of  po la r i zed  l i g h t .  The samples 
were measured a t  two ang les  of incidence;  i . e . ,  50 degrees  and 
70 degrees.  Because t h e  p la t inum mi r ro r s  were p a r t i a l l y  t r a n s -  
p a r e n t ,  a d d i t i o n a l  angles  of  35 degrees  and 55 degrees  were 
measured t o  avoid d i f f i c u l t i e s  from s e c o ~ d  s u r f a c e  r e f l e c t i o n s .  
Fur ther  d e t a i l s  on the  technique used can be found i n  the  Mar- 
t i n  Mar ie t t a  r e p o r t  #R-70-48641-005, "El l ipsometry  a s  a Tech- 
nique fo r  Measuring the  Thickness and R e f r a c t i v e  Index of  
Spacecra f t  Contamination1'. 

3.3.7 Gra t ing  Ef f i c i ency /Reso lu t ion  - The g r a t i n g s  were 
measured f o r  ze ro  and f i r s t  o r d e r  d i f f r a c t i o n  r e f l e c t i o n  i n -  
t e n s i t y  c s i n g  the  e l l ipsomete r  f ixed  c o l l i m a t o r  arm and r o t a -  
t a b l e  t e l e scope  arm. A co l l ima ted  3  mm beam from a mercury 
lamp was inc iden t  a t  71.25 degrees  on to  t h e  g r a t i n g .  Two 
d a t a  s e t s  were taken;  f i r s t ,  the  source  was u n f i l t e r e d  and the  
d e t e c t o r  was scanned from ze ro  o rde r  u n t i l  the  d e t e c t o r  e c l i p s e d  
t h e  source  n  1 degree Increments; second, t h e  lamp was f i l t e r e d  
t o  pass546  h l i n e  and e n t i r e  l i n e  p lus  ze ro  o rde r  were scanned 
i n  1 degree increments. The sodium yellow double t  was expe- 
c i a l l y  scanned t o  document the r e s o l u t i o n  of the  c l e a n  g r a t i n g .  
The g r a t i n g  r e f l e c t a n c e  was measured from 6501 t o  1300g a t  
i n c i d e n t  angle  of  11 degrees  i n  the  normal incidence vacuum 
u l t r a v i o l e t  monochromator. 

3.3.8 Low S c a t t e r  Measurements - The n i c k e l  mi r ro r s  were 
measured fo r  specu la r  r e f l e c t a n c e  us ing  the e l l ipsomete r  sys-  
tem and a helium gas l a s e r  source.  The i n c i d e n t  l i g h t  a t  67.5 
degrees  was aper tured t o  1 mm d iameter .  The d e t e c t o r  was 
scanned i n  1-degree increments from dark  c u r r e n t  t o  dark  
c u r r e n t  through the  maximum r e f l e c t i o n .  Five o r d e r s  of s e n s i -  
t i v i t y  were used t o  map the  r e f l e c t e d  beam. 



3.3.9 I R  Absorption Spec t ra  - A c a t a l o g  of Martin Mar ie t t a  
measured contamination e f f e c t s  from ground s imula t ion  t e s t s ,  
l abora to ry  programs, and space exposed s u r f a c e s  was c o l l e c t e d  
t o  a i d  i n  understanding and a s s e s s i n g  t h e  d a t a  t o  be re tu rned  
f r c a  the  TO27 sample a r ray .  Th i s  w ~ r k  was funded by Martin 
Mar ie t t a  under t a s k  number R-72-48641. The I R  s p e c t r a  of 
t h e  following p o t e n t i a l  contaminants was measured: 

A. Acetone 

B. Amy1 Alcohol 

C. Benzene 

D. Carbon T e t r a c h l o r i d e  

E. Chloroform 

F. Cooling O i l  (Dow-Corning) 

G. Cyclohexane 

H. Dimethylamine 

I. Dust 

J. Ethanol 

K. Formamide 

L. Freon Solvents  

M. High Vacuuni S i l i c o n e  Grease 

N. Kapton 

0. Methanol 

P. Methylethylketone 

Q. Monomethylhydrazine N i t r a t e  

R. Mylar 

S. Neoprene 

T. Nitrobenzene 



U. Polyethylene 

V. Po t t ing  Epoxies 

W. RTV S i l i c o n e s  

X. S i l i c o n e  Po t t ing  Compounds 

Y. Teflon 

2. Thermalac Coatings 

AA. Tygon 

BB. Urine 

CC. Urine (Dried) 

DD. Water ( D i s t i l l e d )  

EE. Water ( S a l t )  

FF. Water (Tap) 

GG. Xylene 

The s p e c t r a  were obtained us ing the  technique developed 
e a r l i e r  and repor ted  i n  the previous 48641 r e p o r t  #1610-69-44, 
" I n t e r n a l  Ref lec t ion  Spectroscopy a s  a Technique f o r  the  
I d e n t i f i c a t i o n  and Monitoring of Spacecra f t  Contamination 
Problems". Under t h e  c u r r e n t  t a s k ,  methods of t ak ing  s p e c t r a  
were developed which allowed the s p e c t r a  t o  be r a p i d l y  s t a n -  
dardized wi th  a minimum of c o r r e c t i o n s  f o r  background e f f e c t s .  
Measurements have been added from the  Skylab Ground Tes t  
Program, Lewis Research Center Rocket T e s t ,  and c u r r e n t  
l abora to ry  s t u d i e s .  

3.3.10 Photography - P r e f l i g h t  b lack and white photo- 
graphs were taken o f  a l l  t h e  248 f l i g h t  samples a few days 
before  they were shipped t o  KSC f o r  i n s t a l l a t i o n  i n t o  the  
sample a r ray .  I n  a d d i t i o n ,  dark  f i e l d  photographs were taken 
of  a l l  t h e  samples except  the HCO m i r r o r s ,  d i f f r a c t i o n  g r a t i n g s ,  
probe, and any replacement samples. The dark  f i e l d  photographs 
h i g h l i g h t  s u r f a c e  cond i t ions  and imperfect ions  by c o l l e c t i n g  
the  s c a t t e r e d  l i g h t  from the  su r face .  Photographs of  the  
i n s t a l l e d  samples i n  the  a r r a y  were taken a t  KSC. 



3 . 4  F l i g h t  Sample L i s t i n g  - Table  2 l i s t s  each  of  t h e  250 
f l i g h t  samples and t h e  p r e f l i g h t  measurements performed. Not 
l i s t e d  i n  t h e  t a b l e  a r e  t h e  photographs of  each sample t aken  
a t  Mar t in  M a r i e t t a  and KSC. A s  c an  be s een  from t h e  t a b l e ,  
t h e  g u e s t  samples a r e  l i s t e d  f o r  comple teness  b u t  no informa- 
t i o n  was a v a i l a b l e  on what p r e f l i g h t  measurements were per -  
f  ormed . 

3.5 P r e f l i g h t  Data P r o c e s s i n g  - The d a t a  from each o f  t h e  
measuring in s t rumen t s  ( t h e  d a t a  i s  i n  t h e  form o f  c h a r t  r e -  
co rd ings )  was p laced  on computer punch c a r d s  f o r  computer 
p roces s ing .  P o i n t s  a r e  s e l e c t e d  a long  t h e  con t inuous  c h a r t  
r e c o r d i n g  t o  r e p r e s e n t  t h e  s p e c t r a l  curve .  A computer program, 
The TO27 O p t i c a l  P r o p e r t i e s  A n a l y s i s ,  was developed t o  p roces s  
a l l  o f  t h e  r e f l e c t a n c e  and t r a n s m i t t a n c e  d a t a  ob t a ined  from 
t h e  TO27 samples.  The program has  f i v e  s e p a r a t e  o p t i o n s ;  
name 1 y , 

a .  M u l t i  P l o t s  - Percen t  r e f l e c  t a n c e / t r a n s m i t t a n c e  
v e r s u s  wavelength f o r  up t o  15  c u r v e s ;  

b. I n i t i a l  T e s t  R a t i o  - Computes r a t i o  of  t e s t  
cu rve  t o  i n i t i a l  curve  and p l o t s  t h i s  r a t i o  ve r sus  
wavelength ;  

c .  M u l t i  Spectrum Mean - Sums a l l  v a l u e s  o f  any 
number of c u r v e s ;  d i v i d e s  sum by t h e  number of  c u r v e s ;  
and g e n e r a t e s  a  mean va lue  v e r s u s  wavelength ,  and 
p l o t s  i t ;  

d. D e v i a t i o n  From Mean - I n  h i s tog ram form, shows 
t h e  d i f f e r e n c e s  between t h e  t e s t  and i n i t i a l ;  t e s t  
mean and i n i t i a l  mean; t e s t  and i n i t i a l  mean; and 
f i n a l l y ,  t e s t  mean and i n i t i a l ;  

e .  D e v i a t i o n  and E d i t i n g  Algori thm - D e f i n e s  a  
boundary around the  behavior  of a  l i k e  s e t  o f  samples;  
shows t h e  s t a n d a r d  sp read  o f  v a r i a t i o n s .  The e d i t i n g  
a l g o r i t h m  f l a g s  unusual  p o i n t s  which may be  d i s -  
cardcad a s  i n v a l i d .  

The o u t p u t  of t h i s  program i s  a  t a b u l a t e d  p r i n t o u t ,  hard 
copy p l a t e ,  and microf i lm.  A s  examples of  some p r e f l i g h t  d a t a ,  
Fig.  12 shows a m u l t i  p l o t  of  r e f l e c t a n c e  v e r s u s  wavelength 
f o r  s i x  A 1  + MgF m i r r o r s  and t h e  gene ra t ed  mean v a l u e  shown by 
t h e  d o l l a r  symbol. The legend c a n  be r ead  a s  fo l l ows  f o r  t h e  
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diamond symbol: 

Sample Nuinber 11 Case I .  s a ~ ~ ? =  iype -003 l i s t e d  i n  
dr swing #R908SSGii4 . aluminum mir ro r  overcoated w; t h  
magnesium f l u o r i d e ,  718 in .  d iameter ,  measured by the 
DK2A spec trophotometer , c h a r t  #1458, measured on 
October 20,  1972, i n c i d e n t  angle  of 10 degrees.  

Figure  13 shows the r a t i o  of the  r e f l e c t a n c e  f o r  sanple  
W8 t o  the  zomputed mean f o r  a l l  s i x  saxples  versus  wavelength. 
Figure 14 shows one of t he  s i x  s i m i l a r  pages of t abu la ted  
d a t a  fo r  these  s i x  samples; i n  t h i s  c a s e ,  the  d a t a  f o r  sample 
#8. Figure 15 shows the mean and chree sigma plclts f o r  t h e s e  
sane samples. Figure 16 is  the t abu la ted  th ree  sigma value. 
Figure  17 shows t h e  spread i n  r e f l e c t a n c e  f o r  some A 1  + MgF2 
m i r r c r s  i n  the  VW region.  Figures  1s and 19  i l l u s t r a t e  t h e  
r e f l e c t a n c e  and t h r e e  sigma va lues  f o r  samples i n  t h e  EUV region.  



i k .  
l t 4 . ,  
iN., 
iN., 
IR. 
i N. 
IN. 

1 0  CEG., 

Figure 12. Multi Plots of Reflectance Versus Wavelength for  6 Al+MgF2 Mirrors 



Figure 13. R a t i o  of Sample 8 Curve t o  Mean of A 1 1  S i x  Mirrors 
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Figure  1 5 .  P l a t  o f  3 Sigma About t h e  Mean o f  Ref lec tance  Vs Wavelength 
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Pfgure 16. Plot  of 3 Sigaa About the Mean o f  Reflectance 
Versus Wavelength for the 14 Al+MgF2 Mirrors 
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of  R e f l e c t a n c e  Versus Wavelength 
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Figure k8. Mulct Plots of Reflectance ~ e t s u s  Wavelength 
for 11 Al+MgFZ Nirrors 
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Figure 1 9 ,  H u l t i  Plots o f  Reflectarlce Versus Wavelength 
for  14 AI+MgF Mirrors  
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4. PERFORMANCE ON SKYLAB l / 2  

The a r r a y  was placed on the  a n t i - s o l a r  s c i e n t i f i c  a i r l o c k  
(ASAL) by as t ronau t  P. Conrad on mission day 24 (June 17,  1973) 
a t  about GMT 18:30. No d i f f i c u l t i e s  were experienced i n  t h e  
i n s t a l l a t i o n ,  deployment, a d  a c t i v a t i o n  sf t h e  power and s t a r t  
switches. The a r r a y  Wad removed on day 26 a t  about GMT 17:OO 
(exposure time 46 hours and 30 minutes). The following t a b l e  
l i s ts  scheduled s p a c e c r a f t  events  which could add t o  t h e  depo- 
s i t i o n  of contaminants on the  samples. 

Table 3 Skylab 1/2  Events During TO27 Array Exposure 

EVENT DOY/MISS ION DAY /GMT HOUR/MIN 

M092 Vent 168:24:16 

M17 1 Vent 168:24:17 

I n s t a l l a t  ion of Array 168:24: 18: 30 

HK 3A TAL Vent 168:24:22 

M092 Vent 169 : 25 : 11 

MI71 Vent 169:25:12 

M092 Vent 169:25:16 

MI71 Vent 169:25:16 

TAL Vent 169:25:22 

EVA by Crew 170:26:12 

Removal of Array 170:26:17 

The o r i e n t a t i o n  of the  a r r a y  i n  the  ASAL was normal, 
namely samples 53 - 61 faced the  CSM (Sx a x i s )  and samples 
62 - 68 faced toward inc reas ing  +y a x i s  (missing OWS s o l a r  
panel) .  Several  unforeseenevents  g r e a t l y  e f f e c t e d  the  per-  
formance of the sample a r r a y ,  t h e  following l i s t  d e s c r i b e s  
them. 

A. ASAL Exposure - The a r r a y  was designed and t e s t e d  fo r  
performance out of the  s o l a r  s c i e n t i f i c  a i r l o c k  (SCAL), This 
a i r l o c k  was not useable  dur ing  S1 1/2  because the contingency 



h e a t  s h i e l d  p a r a s o l  was ex tended  through the  SSAL ( u s i n g  t h e  
backup TO27 photometer  c a n i s t e r  sys tem) .  D e p o s i t i o n  models 
p r e d i c t e d  two o r d e r s  of magnitude l f s s  con taminan t s  on t h e  
a n t i - s c l a r  s i d e  of  t h e  OA. A l so  t h e  l a c k  o f  s o l a r  r a d i a t i o n  
prevented  s t u d y i r  - t h e  e f f e c t s  of photopolymer iza t  i o n  of  s u r -  
f a c e  con t aminan t s .  

B. No R o t a t i o n  - The upper  c v r r o u s e l  d i d  n o t  r o t a t e  and 
expose  t h e  subsequent  s a t  o f  samp1:s a f t e r  t h e  f i r s t  24 hou r s .  
Low t empera tu re s  were  expe r i enced  o u t  o f  t h e  ASAL, however 
t h e s e  t empera tu re s  were o b t a i n e d  d u r i n g  t h e  q u a l i f i c a t i o n  
t e s t s  f o r  s h o r t  p e r i o d s  of t ime.  It i s  unknown a t  t h i s  t ime  
whether  t h e  lower c a r r o u s e l  o p e r a t e d .  

C .  No Telemet ry  - The t e l e m e t r y  c o n n e c t i o n s  f o r  t h e  ASAL 
o u t l e t  p i n s  c o r r e s p o n d i n g  t o  t h e  s a v p l e  a r r a y  connec to r  were 
n o t  wi red  i n .  ThereEore no  r e a l  t ime  in fo rma t ion  was o b t a i n e d  
on contaminant  d e p o s i t  ion bp  t he  two q u a r t z  c r y s t a l  micro-  
b a l a n c e s ,  no r  v e r i f i c a t i o n  c h a t  t h e  c a r r o u s e l s  r o t a t e d .  

D. 
exposur 
t h e  SL 

L a t e  Exposure - The a r r a y  was p r e f l i g h t  scheduled  f o r  
.e f o u r  days  a f t e r  t h e  launch  of  SL 1. Problems w i t h  
1 v e h i c l e  de l ayed  t h e  launch  of  SL 2 and t he  low p r i o r i t y  

of  t h e  a r r a y  de layed  t h e  performance u n t i l  35 days  a f t e r  SL 1 
launch .  The e x p o n e n t i a l  c h a r a c t e r  o f  m a t e r i a l  o u t g a s s i n g  g l v e s  
an  e s t i m a t e d  q u a s i  s t e a d y  s t a t e  c o n d i t i o n  w i t h i n  25 t o  1000 
hour s .  Assuming an  a v e r a g e  t ime  f o r  e x p o n e n t i a l  decay o f  20 
d a y s ,  a b o a t  17% of  t h e  i n i t i a l  con t aminan t s  from SL 1 were 
p r e s e n t  d u r i n g  t h e  sample a r r a y  deployment .  

E. Reduced Length of Exposure - Only 46 .5  hours  of ex -  
posu re  was o b t a i n e d  o u t  of t h e  120 planned hou r s .  Once a g a i n  
t h e  d e g r e e  of  con t amina t i on  was r educed ,  low l e v e l s  o f  ccn-  
t aminan t s  makes t h e  measurement and a n a l y s i s  program more 
d i f f i c u l t .  

F. Non-seal ing of  t he  Sample Area - In  removing t h e  
a r r a y  from t h e  a i r l o c k ,  Conrad n o t i c e d  t h e  upper  c a r r o u s e l  
va lve  was n o t  c l o s e d  ( abou t  3mm open)  and f r o s t  had formed 
ove r  t h e  t op  of t h e  upper  c a r r o u s e l  p l a t e .  T h i s  a r e a  was 
co ld  from vacuum exposu re  and then  exposed t o  t h e  warm moi s t  
OWS atmosphere.  



5. POSTFLIGHT MEASUREMENTS AND RESULTS 

Final. maintenance and c a l i b r a t i o n  o f  each measuring i n s t r u -  
ment was performed i n  p repara t ion  f o r  r e c e i p t  o f  t h e  exposed 
samples and the  p o s t f l i g h t  measurement program. In  a d d i t i o n ,  
d a t a  from Skylab QCM's,  and the  TO27 photo~neter  system was 
s,tudied t o  g ive  some i n d i c a t i o n  of t h e  magnitude of  deposi ted  
contaminants. This informat ion inf luenced how the  samples 
were f i r s t  s tud ied .  

5.1 Residual  Gas Analys is  - The f i r s t  p o s t f l i g h t  ~neasure- 
ment and a n a l y s i s  perfortned on the  sample a r r a y  was a measure- 
ment of t h e  gas con ten t  w i t h i n  t h e  sample a r r a y .  The gas 
samples were taken thrl-ugh the  Seaton-Wilson valves  on the  
end cover p l a t e s  and measured by a CEC 21-614 magnetic s e c t o r  
mass spect rometer .  F igure  20 is  a schematic view of the  gas  
a n a l y s i s  i n l e t  s y s  tem. 

The CEC 21-614 Mass Spectrometer uses  a 180-degree f l i g h t  
pa*S through a magnetic f i e l d  t o  r e s o l v e  t h e  mass p a r t i c l e s .  
A l i q u i d  n i t r o g e n  trapped d i f f u s i o n  pump maintained the  
spectrometer a t  a f ixed low pressure ,  The i n l e t  system used 
a 3 b m g 0 l d  l eak  t o  mainta in  the p r e s s u r e  drop a t  the  e n t r y .  
The remainder of  the e n t r y  system c o n s i s t s  of  a mechanical 
roughing pump, VAC ION pump, va lves ,  p ressure  gauges inc lud ing  
a capac i t ance  monometer, a n i t r o g e t  i n l e t ,  a l c c  chamber and 
a 1 e b a l l a s t  chamber. Pure gas samples were used t o  c a l i -  
b r a t e  the  spect rometer .  The r e s o l u t i o n  a t  90 percent  v a l l e y  
was 1.50 AMU. A connect ion l i n e  which coupled the  sample 
a r r a y  t o  the  i n l e t  system i s  shown i n  Fig. 21. The l i n e  has 
a Varian mini c o n f l a t  f lange welded t o  approximately 23 cm 
of  0.63 cm 0. D. s t a i n l e s s  tube wi th  an 0.63 cm s t a i n l e s s  
bellows connected t o  a Seaton-Wilson mating plug. 

The fol lowing sequence of gas  samples was used: 

1. BacKground mass s p e c t r a  and Dressure of  spectrometer 
i n l e t  system; 

2. Sealed ground stowage c o n t a i n e r ,  a t  t h j s  po in t  power 
was app l i ed  t o  the  a r r a y  t o  reach the  four  te lemetry  
channels  a s s o c i a t e d  with the  two qv.artz c r y s t a l  
mic robalances  ; 

3. Area under t h e  c o n t r o l  panel cover p l a t e ;  





Figure 21. Connection Line for the Sample Array to the Inlet System 



4. Area under sample c: rer  p l a t e ;  

5. Upper ca r rouse l  a i r  space;  and 

6. Sample a r e a  by extending sample a r r a y  t o  break the  
inner  s e a l .  

Each gas sample followed t h i s  procedure: 

a.  Pump down the e n t i r e  i n i 2 t  system. 

b. Verifv t h a t  the  background spectrum is c lean .  

c .  Mate t h e  conner+jon l i n e  t o  t h e  sample a r r a y  and 
p l a t e .  

a. Measure the pressure  i n  the  i n l e t  system. 

e .  I f  the  pressure  is  100 p m  o r  above, proceed t o  
.'tee g .  

f .  I f  the pressure  i s  below 100 pm, b a c k - f i l l  t he  
i n l e t  wi th  d r y ,  pure N unt: ' l  100 p s i s  reached; 
:he11 proceed. 2 

g .  Seal  a gas  sample i n  the l c c  chamber. 

h. Pump down the remainder of the  i n l e t  system in- 
cluding, the 14 b a l l a s t  tank. 

i. Release the  gas from the  l c c  chamber. 

j. I n i t i z t e  t h e  mass spectrometer scan. 

b. After  s p e c t r a  have been taken from a l l  sample a r r a y  
ctia,nbers, c a l i b r a t i o n  samples w i l l  be run a t  ap- 
p r o p r i a t e  mass ranges a s  seen i n  the sample a r r a y  
spcc bra. 



The following t a b l e  summarizes the  r e s u l t s .  

Table 4 Residual Gas A r a l y s i s  TO27 Sample Array System 
SAMPLING AREA PI?ESSLiRE MAJOR CONSTITUENT 

Ground S t m a g e  Container Above 6i.0 Torr  High Nitrogen 
Low i n  Water & Oxygen 

Elec t ron ic  Control  Panel About 40 Torr  Oxygen 20% of Nitrogen 
Cover P l a t e  Peak 

Sample Cover P l a t e  About 270 Torr High Nitrogen & Water 
Low Oxygen 

Upper c a r r o u s e l  / A l l  Estimate 270 High Nitrogen & Water 
Samples Torr Low Oxygen, Nc Outstand- 

ing Contaminant Peaks 

The two q u a r t z  c r y s t a l  microbalances were turned on before  
the  a r r a y  was opened t o  compare t h e i r  frequency t o  the  p r e f l i g h t  
base l ine  measured a t  KSC a t  the  conclus ion of the  sample in-  
s t a l l a t i o n .  Table 4 shows t h a t  t h e  r e s u l t s ,  the  Space Sciences 
Laboratory a t  MSFC has  not  announced the  meaning of the  r e s u l t s  
a t  t h i s  time. 

Table 5 QCM Outputs a t  KSC and P o s t f l i g h t  a t  Martin Mar ie t t a  

Channe 1 KSC Voltage MMC Voltage 
(V) (V) (V) (V) (V) (V) 

QCM Ill 0.30 .27 .25 .24 .23 .23 
Temperature 

QCM #f 2.1 1.67 1.58 1.56 1.55 1.55 
Temperature 

QCM f 1 0.75 . 7 1  . 7 1  .70 .70 .70 
Prequenc y 

QCM #2 0.85 1.31 1.31 1.32 1.33 1.33 
Frequency 

Pressure Ambient 4 4 4 0.7 0.7 
(Torr ) 

5.2 Sample Removal end Observations - Afte r  t h e  RGA 
a n a l y s i s ,  t h e  sea led  a r r a y  was re turned t o  the  c l a s s  100 c l e a n  
bench i n  t h e  o p t i c s  l abora to ry  fo r  removal of the  samples. 
Photographs were taken of t h e  samples i n s t a l l e d  i n  the a r r a y  
and s e l e c t e d  samples were a l s o  photographed a f t e r  removal 
us ing a dark f i e l d  technique.  Except f o r  the  upper c a r r o u s e l  
samples which were spot ted i n  f l i g h t  dur ing  the removal 



of the a r r a y  from the  s c i e n t i f i c  a i r l o c k ,  none of the  photo- 
graphs show any s i g n i f  i c a u t  v i s u a l  evidence of contaminants. 
Each sample was placed i n  i t s  numbered p o s i t i o n  ( i d e n t i c a l  t o  
f l i g h t  des igna t ion)  i n  :he l abora to ry  s t o r a g e  con ta ine r .  

During the removal of the  samples i t  was determined t h a t  
the upper c a r r o u s e l  sa. ? l e s  were s t i l l  i n  the  same p o s i t i o n  
a s  s e t  a t  KSC. This should not  have been t h e  l o c a t i o n s  f o r  
a 46 hour opera t ion.  The lower c a r r o u s e l  samples were a l s o  
i n  the  KSC s e t t i n g ,  however, the  normal o p e r a t i o n  of  t h e  
a r r a y  f o r  26 hours  would r e p o s i t i o n  t h e  lower c a r r o u s e l  back 
t o  i t s  s t a r t i n g  pos i t ion .  The l ack  of  te lemetry  connect ions  
a t  the  a n t i - s o l a r  SAL prevented record ing  the  c i r r o u s e l  
d r i v e r  s i g n a l s .  

Af te r  the  samples were a l l  removed the  a r r a y  was r e -  
assembled and opera ted ,  Appendix D c o n t a i n s  the  t a b l e  of 
con ten t s  fo r  t h i s  t e s t .  Both c a r r o u s e l s  showed normal r o t a -  
t i o n  a t  the  appropr ia te  times. Because the  a r r a y  was opera- 
ted from the  a n t i - s o l a r  SAZ, r a t h e r  than  from the  planned s o l a r  
SAI,, it was subjected t o  much co lde r  o p e r a t i n g  temperatures  
chalk expected. Temperatures measured on the  TO27 photometer 
system operated from the  saBe a i r l o c k  i n d i c a t e  t h a t  t h e  a r r a y  
probably cooled down t o  -45 F. This could have caused low 
temperature mechanism s e i z u r e  of both  c a r r o u s e l  mechanisms. 
However, the  lower c 2 r r o u s e l  should have indexed a t  l e a s t  
once because the  i n i t i a l  and f i r s t  few index t imes occurred . 
p r i o r  t o  s i g n i f i c a n t  cool  down of the  mechanisms from cab in  

0 
temperature (about 70 F). It i s  p o s s i b l e  t h a t  t h e  lower 
c a r r o u s e l  indexed proper ly  i n f l i g h t ,  however, both c a r r o u s e l s  
index together  a t  the s t a r t  of the  2 5 t h  hour. Thus, f o r  
some unknown reason i t  would be necessary  f o r  on ly  the  
upper c a r r o u s e l  t o  not  r o t a t e  a t  t h i s  time and the  lower 
c a r t o u s e l  t o  r o t q t e  it: l a s t  time one hour l a t e r .  A s  des-  
c r ibed  i n  s e c t i o n  2 . 2 ,  both c a r r o u s e l  mechanisms were a t  one 
time c o o l e r  than  -100"F and s t i l l  r o t a t e d  p r o p e r l y  dur ing  t h e  
thermal vacuum f l i g h t  q u a l i f i c a t i o n  test. 

To f u r t h e r  t e s t  the  p o s t f l i g h t  reassembled sample a r r a y  
system, the u n i t  was placed i n  a vacuum chamber and cooled 

0 
down -0 -80 F. This was a  wors t  case  p r e d i c t i o n  fo r  the  
a r r a y  by thermal modeling a n a l y s i s .  The hour ly  c a r r o u s e l  
functioned proper lv ;  however the upper c a r r o u s e l  se ized a t  
the 24 hour of ojjt!!.ition a f t e r  p a r t i a l l y  indexing (about 30%) 
i n t o  pos i t ion .  Inspec t i o n  of the d r i v e  mechanism shoked no 
obvious s ign  of jamming o r  i n t e r f e r e n c e .  Report T027-SA-1-74 
d e t a i l s  the  procedure and r e s u l t s  of t h i s  t e s t ,  see appendix R. 



Discounting thermal ly  induced mechanism s e i z u r e ,  two non- 
normal crew opera t ions  could e x p l a i n  the  c a r r o u s e l s  no t  in -  
dexing. I f  the  c i r c u i t  breaker  supplying 28 VDC power t o  the  
a n i t - s o l a r  SAL power o u t l e t  was open o r  the  a r r a y  power 
switch was no t  placed t o  t h e  ON p o s i t i o n  p r i o r  t o  i n i t i ; i t i n g  
t h e  automatic sequence, e i t h e r  reason would e x p l a i n  the non- 
indexing. 

5.3 Ref lec tance  and Transmittance Measurements - The 
primary s e t  of samples i n  the  following t a b l e  were measured 
o p t i c a l l y  f o r  changes i n  r e f l e c t a n c e  and t r ansmi t t ance  from 
2.75A t o  20 Mm. No s i g ~ i f i c a n t  changes i n  t h e  p o s t f l i g h t  
values  compared bo t h e  p r e f l i g h t  va lues  has  been seen. To 
i l l u s t r a t e  the  type o f  d a t a  ob ta ined ,  a gold mi r ro r  was 
selecte ;  t o  show the  r e f l e c t a n c e  va lues  from 0.12-2.5 p m  
a t  a 10 an l e  of  incidence.  S i m i l a r  p l o t s  were determined Q 
f o r  30°, 45 , and 60' ang les  of  incidence and f o r  a l l  of 
the  primary samples. Figures  22 and 23 i l l u s t r a t e  t h e  pre- 
f l i g h t  and p o s t f l i g h t  measurements processed and p l o t t e d  by 
t h e  TO27 Opt ica l  P r o p e r t i e s  Analysis  computer program f o r  sample 
62. As can be seen from t h e  J a t a  f o r  wavelengths 0.12-0.30 
Mm,  some d i f f i c u l t y  was experienced i n  t h a t  t h e  p o s t f l i g h t  

values  were h igher  than t h e  p r e f l i g h t  measurements. This  
has been shown t o  be a n  i n s  trument con£ i g u r a t  ion  change a f  t e r  
t b e  p r e f l i g h t  values  were obtained.  Se lec ted  l a b o r a t o r y  con- 
t r o l  samples were r e r u n  and show t h i s  increased r e f l e c t a n c e  
and t ransmit tance .  Using t h i s  change a s  a normal iza t ion  
f a c t o r  the  f l i g h t  samples show no s i g n i f i c a n t  d i f f e r e n c e  from 
t h e i r  p r e f l i g h t  condi t ion.  Figures  24 and 25 show the  r a t i o  
o f  the  p o s t f l i g h t  va lues  t o  t h e  p r e f l i g h t .  The p r e f l i g h t  and 
p o s t f l i g h t  mean o f  a l l  the  primary gold samples i s  shown i n  
Figs.  26 and 27; the  r a t i o  of t h e  p o s t f l i g h t  mean t o  the  pre- 
f l i g h t  mean i~ shown i n  Figs.  28 and 29. The t h r e e  sigma 
d e v i a t i o n  about the  p r e f l i g h t  and p o s t f l i g h t  mean i s  shown 
i n  Figs.  30 - 33. Three sigma d e v i a t i o n  means 99.74% of the  
curves w i l l  f a l l  i n s i d e  the  t h r e e  sigma boundaries.  Three 
sigma d e v i a t i o n s  fo r  t h e  primary P t  samples i s  shown i n  
Figs. 34 - 37, f o r  A 1  + MgF samples i n  Figs.  38 - 41, f o r  MgF2 

2 i n  Figs.  42 - 45, and f o r  q u a r t z  i n  Figs.  46 and 47. 

The beryl l ium f o i l  f i l t e r s  (100, 123, 227, 230, and back- 
up samples 123-2 and 227-2) t r ansmi t t ance  va lues  were de- 
termined and a ~ a i n  no s i g n i f i c a n t  change was obta ined.  
Figure 48 shows the x-ray t r ansmiss ion  f o r  sample 100. 

A pa rabo l i c  r e  f l ec tomete r  was used t o  determine any 



Table 6. Portflight Optical Measurements Primary & Secondary Samples 

PRIMARY SAMPLES 

NO. WAVELENGTH ATR ELLIPSOMETRY 
0.12-0.30 p m  0.25-2.5 p m  

3 3 
44 
58 
62 
125 
222 

A1+MgF2 2 
14 
17 
4 7 
5 7 
7 5 
97 
107 
128 
129 
130 
153 
2 14 
228 
2 30 
24 2 

KRS-5 ATR b5 
98 

237 

Ge AT?. 64 
93 
238 

21 
29 
31 
5 1 
5 6 
7 0 
95 
121 
209 



Table 6. 

SAMPLE 

Pt 

Quartz 

Con t inued 

NO WAVELENGTH ATR ELLIPSOMETRY 

218 0.12jj0.30 gm 0.2522.5 ~m 
233 X X 
243 X X 

3 X 
15 X 
18 X 
48 X 
61 X 
74 X 
94 X 
122 X 

68 
84 
9 1 

20 X X 
28 X X 
30 X X 
52 X X 
53 X X 
76 X X 
96 X X 
120 X X 
154 X X 
155 X X 
179 X X 
215 X X 
221 X X 
231 X X 
244 X X 

SECONDARY SAMPLES 



Table 6. 

S W X  

Pt 

Quartz 

Nicke i 

Sapphire 

L IF 

Continued 

NO. WAVEUNGTH EUIPSOI4ETZR PARABOLIC 
0.12-0.30 urn 0.25-2.5 )rm 1.2-20 *rn 

233-2 X 

2 3 X 
25 X 
2 7 X 
60 X 
8 6 X 

225 
235 

2 2 X 
24 X 
2 6 X 

108 X 
127 X 
206 X 

3 9 X 
2 10 X 
229 X 

38 X 
58 

219 X 

4 9 X 

7 8 X 
89 X 

223 X 
2 24 X 

3 3 
44 
5 8 
62 

222 
24 9 
255-1 
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Figure 22. Reflectance Versus Wavelength 
$ Preflight 62, Gold Yirror, 10 Deg, DK 1419, 9/6/72 
I2 Postflight 62, Gold Mirror, 10 Deg, PODK-C4, 7/5/73 
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Figure  23. Reflectance Versus Wavelength 
$ P r e f l i g h t  62, Gold Mirror,  10 Deg, VW 115, 9 / 6 / 7 2  
a p o s t f l i g h t  62, Gold Mirror,  10 Deg, VUV 5C2, 7 / 7 / 7 3  
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Figtre24. Ratio Of Postf l ight  To Prefl ight  Reflectance Vs Wavelength 
62  Gold Mirror, PODK-04, 10 Deg, 7 / 5 / 7 3  



ligure 25. Ratio Of Postflight To Preflight Reflectance Vs. Wavelength 
62 Gold Mirror, 10 Deg, KT 502, 7 /7 /73  



Figure 26. P r e f l i g h t  And P o s t f l i g h t  Mean Ref lec tance  Versus Wavelength 
$ Mean O f  A l l  Primary Gold Mirrors  P r e f l i g h t ,  10 Deg, DK,  9 /26 /73  
a Mean O f  A l l  Primary Gold Mirrors  P o s t f l i g h t ,  LO Dcg, DK, 9/26/73 
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Figure 27. Preflight And Poetflight Mean Reflectance Verrus Wavelength 
$ Preflight Mean All Primary Gold Mirrors, 10 Deg, V W ,  9/26/73 
IPPoetflight Mean All Primary Gold Yirrors, 10 Deg, V W ,  9/26/73 
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Figure 28. Ratio Of Postflight 'ro Preflight Mean Reflectance Ve. Wavelength 
All Gold Primary Mirrors, 10 D ~ R ,  DK, 9/26!73 
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Figure 29, Ratio Of Postflight To Preflight Mean Reflectance V8. Wavelength 
All Primary Gold Mirrors, 10 Deg, VW, 9/26/73 
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Figure 30, Three Sigma Deviation About Mean Reflectance Versus Wavelength 
All Preflight Primary Gold Mirrors, 10 Deg, DK, 9/25/73 
$Mean Reflectance, Q Plus Three Sigma, OMinus Three Sigma 
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~ i g u r e  31. Three Sigma Deviation About Mean Reflectance Versus Wavelength 
A l l  Preflight Primary Gold Mirrors, 10 Deg, VUV, 9/22/73 
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Figure 32. Three Sigma Deviation About Mean Reflectance Versus Wavelength 
All Postflight Primary Gold Mirrors, 10 Deg, DK, 9/25/73 
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Figure 33. Three Sigma Deviation About Mean Reflectance Versus Wavelength 
A l l  Postflight Primary Gold Mirrors, 10 Deg, VW, 9/22/73 
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Figure 34. Three Sigma Deviation About Mean Reflectance Versus Wavelength 
All Preflight Primary Platinum Mirrors, 10 Deg, DK, 9/25/73 
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Figure 35. Three Sigma Deviation About Mean Reflectance Versus Wsvelength 
All Primrry Preflight Platinum Mirrors, 10 Deg, VW, 9/22/73 
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Figure 36. Three Sigma Deviation About Mean Reflectance Versus Wavelength 
All Postflight Primary Platinum Mirrors, 10 Deg, DK, 9/25/73 
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Figure37. Three S i p a  Deviation About Mean Reflectance Versus Wavelength 
A l l  Poetf l ight Primary Platinum Mirrors, 10 Deg, VW, 9/22/73 
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Figure 38. Three Sigma Deviation About Mean Reflectance Versus Wavelength 
A11 Preflight Primary A1+MgF Mirrors, 10 Deg, DK, 9/25/73 

2 
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Figure 39. Three Sigma Deviation About Mean Reflectance Verrur Wavelength 
A l l  Preflight Prinury AlSMgF, Mirrors, 10 Deg, VW, 9/24/73 
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Figure 40.  Three Sigma Deviation About Mean Refleciancs Versus Wavelength 
A l l  P o ~ t f l i g h t  Primary Al+UgF2 Mirroro, 10 Deg. DK, 9/25/73 
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Figure 41. Three Sigma Deviation About Mean Reflectance Verrur Wavelength 
A l l  Postflight Primary AlMgF Mirror#, 10 Dtg, VW, 9/24/73 

2 
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Figure 4 2 ,  Three Sigma Deviation About Mean Transmittance Vs. Wavelength 
A l l  Preflight Primary MgFZ Windows ,  DK, 9 /25 /73  
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Figure 43. Three Sigma Deviation About Mean Transmittance Vs. Wavelength 
All Preflight Primary MgF2 Windows, VOV, 9/24/73 
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Figure 44. Three Sigma Deviation About Mean Transmittance Vs. Wavelength 
All Postflight Primary MgF2 Windows, DK, 9/25/73 



Figure 45. Three Sigma Deviation About Mean Transmittance Vs. Wavelength 
All Postflight Primary M g F Z  Windows, V W ,  9/24/73 
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Figure 46. Three Sigma Deviation About Mean Transmittance Vs. Wavelength 
All Preflight Primary Quartz Windas, DK, 9/26/73 
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Figure 47 .  Three Sigma Deviation About Mean Transmittance V s .  Wavelength 
All Postf l ight  Primary Quartz Windows, DK, 9/26/73 
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changes i n  i n f r a r e d  (1.2-20 ~ m )  r e f l e c t a n c e  o r  d e t e c t  any ab- 
s o r p t i o n  bands f o r  the  gold samples (33, 44,  58, 62,  222, 249, 
and backup 255) and aluminum mir ro rs  (38, 58, and 219). With- 
i n  t h e  p rep i s ion  of t h e  ins t rument ,  no s i g n i f i c a n t  changes 
were detected.  

5.4 Thickness Measurements - Selected samples o f  gold 
and germanium (see t a b l e  6 ) were s tud ied  f o r  contaminant th ick-  
ness  us ing e l l ipsometry .  Values were repor ted i n  t h e  30 Day 
S t a t u s  Report of contaminant th icknesses  ranging from 3 t o  
24A. These values  a r e  not  c o r r e c t ,  f u r t h e r  work found s y s t e -  
matic c a l c u l a t i o n  e r r o r s  i n  t h e  p r e f l i g h t  measurements g iv ing  
no s i g n i f i c a n t  contaminant th icknesses .  

5.5 D i f f r a c t i o n  Grat ings  - The t h r e e  d i f f r a c t i o n  g r a t i n g s  
(55, 66, and 232) were measured fo r  changes i n  zero  and f i r s t  
o r d e r  d i f f r a c t i o n  r e f l e c t i o n  i n t e n s i t y .  Nei ther  the  e f f i c i e n c y  
nor r e s o l u t i o n  had changed from the  p r e f l i g h t  values.  

5.6 Low S c a t t e r  Measurements - Three n i c k e l  mirrorso(108, 
127, and 206) were measured f c r  specular  r e f l e c t a n c e  i n  1 incre -  
ments through f i v e  o r d e r s  of s e n s i t i v i t y  t o  d e t e c t  s c a t t e r i n g  
o f  the  inc iden t  helium (63288) l a s e r  beam by any s u r f a c e  con- 
taminant.  No s i g n i f i c a n t  change i n  s c a t t e r i n g  was de tec ted ;  
Fig. 49 shows the  normalized p r e f l i g h t  and p o s t f l i g h t  s c a t t e r -  
ing values  f o r  sample 127, the  po in t s  f a l l  w i t h i n  t h e  th ick-  
n e s s  of the  l i n e .  

The quar tz  f l a t s  (6, 12,  48, 61, 74, and 94) were used t o  
determine changes i n  x-ray (8.34A) s c a t t e r i n g ,  t h e  reduc t ion  
i n  d a t a  from t h i s  t e s t  i s  s t i l l  i n  progress.  However, no ob- 
vious change i n  the s c a t t e r i n g  has been seen. 

5.7 In f ra red  Absorption - The s i x  ATR samples (64, 65, 
93, 98, 237, and 238) were used t o  o b t a i n  the  i n f r a r e d  absorp- 
t i o n  s p e c t r a  of t h e  contaminants. Only the  two exposed KRS-5 
c r y s t a l s  (65 and 98) showed any new absorp t ion  bands. Bands 
were found a t  9.45 km and 13.79 Ccm, however t h e r e  i s  a l ack  
o f  s u f f i c i e n t  key bands t o  p o s i t i v e l y  i d e n t i f y  t h e  contaminant 
composition by i n f r a r e d  spec e r a  alone. Although the  9.45 Bm 
band is t y p i c a l  of s i  l iconeb , other  equa l ly  s t r o n g  s i l i c o n e  
bands a r e  missing. Figure 50 shows the  absorp t ion  s p e c t r a  
for sample 65. 







5.8 Bar .l#ctrmter A a r l r r i ~  - Thrw rrrple  retention 
plater wrre rsrly8.d for contaminant c#poritioa by u r a  rpec- 
trorcopy. Th. plater coverod rrrpler 53-61, 77-64, a d  206-217, 
Leachina rolmntr  hexme, h r o e  , wthylethylke tom,  md 
r t h m l  were ured t o  conceatrate the corrtarinclntr. bckgrouad 
rpectra uere t w n  for each rc lvmt  i n  the r a w  manner as  the 
r-le rprctra. The concentrated rolutiolu were used for the 
u r a  rpec t r ae t e r  rrrd ln addition portimr of tb hexam and 
wthmolro lu t laaa  uaderwent ultraviolet  apectrorcopic a ~ l j r r i a .  

A 1 1  three plater releared their  c m t r a i ~ n t a  t o  the hexane 
i n  luch areater proportion than r jry of the otbar aolventa. The 
recoad rolvent, W e n e  had the r e c d  I u g e r t  peak inteari t lea.  
b different ia t iaa  ln peak'intenrity ra t ior  88 a function of 
rolvent w.r obrerved. ?or t h i r  rearon, a l l  the needed informa- 
t ion can be obtained by diacurring the hurm rolvent s r r r  
rpectra. 

A 1 1  the ultravfolet  rpectra haw lncrearlng absorption a t  
rhorter wavelengthr, rhoulderc are obretved a t  0.275 )rm and 
0.228 pm. The rpectra rhawr that the uouat of roluble coata- 
r inant on the control plate 206-217 war 15 to 30 timer greater 
than that obtained froa the 0th.: two plates. 

Table 7 rhawr the prominent rura peaka obrerved on the 
three plater, Due to  the similarity of the 53-61 and 77-84 plate 
rpectra, their rerulta are l is ted i n  one colwa. The re la t ive 
abundance colum i r  divided into early and l a t e  according to  
the peak intenrity aa a function of the time the hexme frac- 
tion probe r e u i d  in the m r a  rpectroawter inlet .  A m a r  
peak whore relative abundance increaser with ti- comer from 
a coclpouad which b r  a low volat i l i ty .  

Table 7 b a a  Specttorcopy of Sample Retention Plater 

Plater 53-61 & 77-84 Plate 206-217 
b r a  tSurb.r Relative Abundance Relative Abundance 

Bar l y  h t e  



Table 7 (Cont'd) 

P la tes  53-61 & 77-84 P l a t e  206-217 
ma s Number Rela t ive  Abundance Re la t ive  Abundance 

Early Late 

Present 

Although the spec t ra  a r e  q u i t e  complex, some spec i f i c  
information c a t  be derived from them. The 149, 167, and 279 
peaks a r e  among the most prominent and represent  d ioc ty l  
phthalate.  In  many spec t r a ,  the 149 peak p e r s i s t s  whcn the 
167 peak is i n  low abundance. This may s ign i fy  the presence 
of otSer r a r e  ph th i l a t e  esters not commonly c l a s s i f i ed .  The 
206-217 cont ro l  p l a t e  i n  pa r t i cu l a r  has a very large 149 peak 
with no s ign i f i can t  167 peak. The tropylium ion (mass number. 
91) i s  abundant i n  a l l  spec t ra  and is ind ica t ive  of aromatic 
r i ng  and condensed r i ng  compounds. The associated 65 peak and 
metastable peak a t  46.4 which should be present with a 91 peak 
a re  observed. Phthalates  do not generate the tropylium ion 
showing tha t  there  is  a m u l t i p l i c i t y  of compound types present. 

A d e f i n i t e  trend of 14 mass un i t  loss  is  present  i n  the 
53-61 and 77-84 p l a t e s  which is  much l e s s  not iceable  i n  the 
cont ro l  sample. This ind ica tes  the presence of alkanes or  
a lky l  chains i n  the contaminant present on the p l a t e  exposed i n  
space. 

No halogenated compounds have been observed; there  a r e  no 
appropriate  i so top ic  r a t i o s  nor a r e  there  the  t yp i ca l  50, 69, 
and 100 peaks associated with fluorocarbons. The 73 and 146 
peaks typ ica l  of s i l i c o n e s  a r e  a l s o  absent. 

The ~ b i l i t y  t o  observe the high molecular weight species  
implies the Dresence of some very s t a b l e  compounds, again 
suggesting the presence of condensed aromatics. The high 



molecular weight peak. have not ye t  been ident i f ied  urina 
' rtandard purr rpect ra l  tabler  or the Nation81 I n r t i t u t e  of 
Health computer f i l e r  . 

Two prober, rample 104 and 207, were attached d i r e c t l y  
t o  &he ayrr  rpectrometer d i rec t  introduction probe and heated t o  
2S0 C. No c m t m i n m t r  were found on e i the r  probe. The lack 
of coat8minmt on probe 207 which i r  within the area of p la te  
206-217 wan8 the contamimntr reen on t h i r  control  p la te  pro- 
bably came from the  t rmrpor ta t ion  tray. Although the rurface 
area of the  plate i r  grea ter ,  the d i r e c t  probe technique could 
e a r i l y  de tec t  a proportional decreare i n  the amount of con- 
taminant. Appendix F containa rect ionr from the report rubmittec 
by Denver Rerearch Ins t i tu te  who performed the purr rpec t to -  
rcopy work. 

Becawe tho cont&niauntr fourtd an tho axpored a m p l e  p b t u  
wen a l r o  f o d  on the control  p h t a  and in both car- only 
t r ace  .auwrtr trite detected, m u n h # u l  coacltuionr on tb. cog- 
o r i t ion  of the rpce cmtamimntr ir d i f f i c u l t .  It ir cancltudd 
that no r ign i f i cu r t  rmorrnt of cont8min8nt mr d a p a r i t d  rod tk 
trace  .mwnta coar i r tad  of alk8ner o r  a lky l  ch8inr. 

5.9 Guert Sam~ler  - The twenty one guert sampler were 
returned t o  the varidur labor+torier  on July  10-12, 1973. Ver- 
ba l  dircurrioar  with the guert r c i e n t i r t r  have produced the 
following preliminary re ru l t r .  A l e t t e r  from IITRI about t h e i r  
8-13G thermal control paint sampler s tated there mrn virtu1 
c w r  and the d i f fu re  rpect ra l  reflectance decreared by 1-2% 
in  the 325 nm t o  700 um region. They reported the r i ~ i f  lcance 
of the decrease i r  inconclurive. Couverrationr with E. Shriver,  
MSFC, revealed the charged e l e c t r e t  #ampler rhowed r o w  con- 
tamiwntr that  the neutral  rample did not have. Tbe r e r u l t r  on 
the auger rampler are contained in  the NASA technical memoran- 
dum NASA TM X-64834 Auger Mcarureawntr On TO27 Sampler Expored 
During the Skylab 2 n i r r ion ,  P.M. Peterr ,  H8FC, February, 1974. 
The abr t rac t  r t a t e r  the mearuremcntr indicate a lor r a t e  of de- 
pori t ion of permment, continuour-film cont8mination on the 
nickel and gold surfacer. The coatinuour f i l m r  a re  l e r r  than 
5-10 monolayerr thick. The HCO t e r t r  a re  a t i l t  i n  procerr and 
no r e r u l t r  are available a t  t h i r  ti-. The OPL black anoldired 
rurfacer rhowed no change i n  reflectance. 



6 DATA ANALYSIS 

Although the sampler were f ree  of contaminantr, a b r l e f  
dercr ip t ion  of the planned ana lys is  Program 18 included for  
completeners. The following sec tiotl, d i rcuss  iatc variour 
portions of the ana lys is  program. 

6.1 Optical Property Changes - The p re f l i gh t  and post- 
f l i g h t  da ta  processed by the developed computer program8 was 
t o  provide a de ta i led  examination of the e f f e c t  of space con- 
taminants on transmittance, re f lec tance ,  g ra t ing  e f f ic iency ,  
and polar izat ion.  The degree of contaminhtion e f f e c t 8  was t o  
be studied and i t s  r e l a t i o n  t o  the instruments on Skylab and 
future space prosrams. 

Although no exhrustive survey of the opt$.cal mater ials  
used on Skylab, which w i l l  be exposed to  externel  contaminants, 
has been done, a cursive study of the surfaces planned for  
Skylab i n  1971 resul ted In the se lec t ion  of samples for  T327. 
In many cases ,  although the exact componcat i s  not represented, 
the c r i t i c a l  surface i s  present. For example, the BK-7 SlYGA 
window material  i s  not on the a r ray ,  however the MgF coating 

2 on tha t  window i s  present in  TO27 a s  a window d i sc  and a d ie -  
e l e c t r i c  overcoating. 

6.2 Variations in  Deposition of Contaminants - The TO27 
Optical Properties Analysis Computer Program w i l l  provide the 
way of comparing a sample and groups of samples t o  determine 
the var ia t ions  i n  deposition of contaminants due to  subs t ra te ,  
so la r  rad ia t ion ,  period of exposure, and d i r ec t ion  of expoaure. 
The nature of the program i s  t o  ex t r ac t  the maximum iafotmation 
i n  a straightforward method. The three sigma capabi l i ty  was 
developed for  s e t s  of l i k e  data  t o  handle var ia t ions  i n  the 
curves caused by instrument parameters and not necessar i ly  con- 
amination. Ttie p re f l i gh t  measurements have developed the 

three sigma curve8 for the various types of samples. Sigma, 
the standard deviat ion of the norm1 d i s t r i bu t ion ,  noasures the 
va r i a t i on  of the lnd ividual  measurements. Three sigma means 
99.74% of the measurements l i e  within three sigma bands on 
each s ide  of the mean, In t h i s  way differences and abnormal 
behavior of the pos t f l igh t  measurements can be e a s i l y  detected. 



Tab led  lists the  d i f f e r e n t  types of sur faces  t ha t  were 
exyored on TO27. 

Table 8 Types of  Sample Surfaces 

Au Cryr ta l  
Au Thin Film 
A 1  Thin Film 
A 1  netal 
A 1  Fo i l  
Ir Thin Film 
0s Thin Film 
W TI-in Film 

Pt Thin Film 17. 
N i  Metal 18. 
N i  Thin Film 19. 
Be Fo i l  20. 
Chromium 21. 
S t a in l e s s  S t e e l  22. 
HgF2 Crys ta l  23. 
MgF2 Thin Film 24. 

25. 

LiF Crys ta l  
LiF Thin Film 
Ge  
RRSS 
Sapphire 
Fused Quartz 
Optical  Black Anodize 
5-13 G Paint  
Teflon 

The e f f e c t s  of s o l a r  r ad i a t i on  on the  depos i t ion  of con- 
taminants was t o  be determined by comparing the samples on 
the upper carrousel  which face the  sun with s imi l a r  samples 
on the  a r ray  which are shaded. Orientat ion changes i n  the  
c l u s t e r  during the  a r r ay  exposure were t o  be used t o  deterwine 
ac tua l  sample s o l a r  exposure. 

Comparisons between the samples on the  upper car rouse l ,  
lower carrousel ,  and o ther  pos i t ions  would have determined 
the  e f f e c t s  of exposure times and ind ica te  when t h e  contami- 
nants  a r e  evolve3 and l inger ing  time. The upper car rouse l  
cons i s t s  of s i x  s e t s  of 5 samples. When the s t a r t  switch 
on the can i s t e r  cont ro l  panel is i n i t i a t e d  the  counting c i r -  
c u i t  accumulates pulses u n t i l  24 hours have elapsed; a t  t h i s  
time the  motor is actuated and the next set of 5 samples i s  
rotated under the exposure holes.  The f i r s t  and s i x t h  set of 
samples w i l l  be s l i g h t l y  d i f f e r e n t  i n  length of exposure be- 
cause of the astronaut  par t ic ipa t ion .  After  placing the  
a r r ay  on the s c i e n t i f i c  a i r l o c k  and venting, he then 
opensthe upper carrousel  valve. The as t ronaut  must extend the 
a r ray ,  connect the  power and telemetry cab les ,  a c t i v a t e  t he  
a i r  lock power and telemetry connections , and then i n i t i a t e  the 
s t a r t  switch on the a r r ay  c a n i s t e r  cont ro l  panel. Therefore, 
the f i r s t  set of 5 samples w i l l  be exposed for  24 hours plus 
the length of time for  the astronaut  t o  perform the  operat ion 
a f t e r  opening the  carrouse? valve. The s i x t h  set w i l l  be 
exposed for 24 hours plus the time u n t i l  t he  ast ronaut  r e t r a c t s  
the ar ray  and c loses  the carrousel  valve. Table  9 rhawr the 
expected periods of exposure. 



Table 9 Upper Carrouael Sample Times 

Plannt d Exposure (hourr) 
Set  Sample Numbers S t a r t  Stop 

+ Assume time zero when switch i s  i n i t i a t e d .  

The lower car rouse l  cons i s t s  of 3 r i ngs  of 26 samples 
which r o t a t e  under four exposure ho les ,  two adjacent  holes  i n  
t he  ou t e r  r i ng  and one each for  the  middle and inner  rings.  
When the s t a r t  switch is i n i t i a t e d ,  the car rouse l  ro t a t e?  one 
pos i t ion  and repea ts  t h i s  for  each of the next 25 hours, once 
each hour 5 2 sec. Table 10 sumnarizes the  exposures of t he  
lower car rouse l  samples. 

Table  10 Lower Carrousel Sample Times 

Sample Number Exposure Period (hours) 
S t a r t  Stop 

-0.1 0 
-0.1 1.1 
0 1.0 
0 2.0 

1.0 2.0 
1.0 3.0 
2.0 3.0 
2.0 4.0 
3.0 4.0 
3.0 5.0 
4.0 5.0 
4.0 6.0 
5.0 6.0 
5.0 7.0 
6.0 7.0 
6.0 8.0 
7.0 8.0 
7.0 9.0 
8.0 9.0 
8.0 10.0 
9.0 19.0 



Sample Number 

Table 10(Cmt 'd) 
Bxporure Period (hour.) 
S t a r t  Stop 

9.0 11.0 
10.0 11.0 
10.0 12.0 
11.0 13.0 
11.0 13.0 
12.0 13.0 
12.0 14.0 
13.0 14.0 
13.0 15.0 
14.0 15.0 
14.0 16.0 
15.0 16. 0 
15.0 17.0 
16.0 17.0 
16.0 18.0 
17.0 18.0 
17.0 19.0 
18.0 19.0 
18.0 20.0 
19.0 20.0 
19.0 21.0 
20.0 21.0 
20.0 22.0 
21.0 22.0 
21.0 23.0 
22.0 23.0 
22.0 24.0 
23.0 24.0 
23.0 25.0 
24.0 25.0 
24.0 121.0 
25.0 121.0 

Figure 51 shows the samples that  w i l l  be used t o  obtain 
the e f fec t s  of direct ion on contaminant deposit ion and thus 
indicate where the contaminants are coming from. The samples 
l i s t ed  by each axis  face that  direction. Note, i n  a l l  cases 
the control samples were t o  be used t o  normalize the data 
from any handling or  storage ef fec ts .  Also, information gained 
from the control samples which are covered during the space 
exposure period was to  be used to  assess the e f fec t s  of con- 
taminant mobility and the cleanliness of the sc ien t i f i c  a i r -  
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lock area. 

Nine A 1  + ngFZ mirrors w i l l  be used t o  s tudy the e f f e c t s  
of  exposure d i agc t e r s  and path lengths  on contaminant deposi- 
t ion. The samples a r e  posit ioned at the backs o f  tubas whore 
length and diameter var ies .  One o f  t h e  tubes has a 100 rrm s l i t  
through which the  contaminant must pass. The condi t ion of t h i s  
s l i t  w i l l  a l s o  ind ica te  the  a b i l i t y  of  space contaminants t o  
c log au instrument's entrance slit.  l a b l e  11 lists the  impor- 
t a n t  c h a r a c t e r i s t i c s  of these sets of samples. 

Table 11 Samples for  Geometry E f f ec t s  
Tube Length Tube Diameter 

Sample No. Sample Type (cm) (-1 Coa~ments 

- 
1.27 - 
2.54 
2.54 
1.27 LOO ~ r n  sli t  

6.3 Iden t i f i ca t i on  of Contaminants - The amount of con- 
taminants found on the  a r r ay  and individual  samples w i l l  
d i r e c t l y  a f f e c t  t he  accuracy i n  determining the composition 
of the contaminant. While the  X-ray microprobe can analyze 
very small amounts of contaminants, it  can only i d e n t i f y  the 
elemental composition of the contaminant. Mass spectroscopy 
and inf ra red  absorpt ion spec t ra  can iden t i fy  mass fragments 
and chemical grouping. It was expected t h a t  a l l  of the combined 
da ta  would i den t i fy  the c l a s s  o f  contaminants. 

For example, s i l i cones ,  fluorocarbons, hydrocarbons, and 
ketones a r e  a l l  organic compounds typ ica l  of mater ia l  outgassing 
products. Both mass spectroscopy and irrfrared absorpt ion 
spec t ra  can f u l l y  d i f f e r e n t i a t e  each of these c l a s se s  of com- 
pounds. Mass range and c l a s s  complexity was t o  be derived 
from the data .  The X-ray microprobe would have been espe- 
c i a l l y  usefu l  i n  iden t i fy ing  inorganic and organometallic 
p a r t i c l e s ,  such a s  paint  nigments, s i l i c o n e s ,  metal ions,  
a ~ d  heavy anions i n  s a l t s .  With the chemical c l a s s  d a t a ,  a 
d i r e c t  implicat ion of the contaminant source could have been 
made; such a s  s i l i c o n e  from RTV, fluorocarbons from t e f l o n ,  



t i tanium dioxide from paint ,  and so forth, 

6.6 #outce, T i m  of Evolution. and Linferlnn Time of 
$oatamiarntr - A f a i r l y  detai led engineering atudy ha6 been 
petforawd on the sources of contaminants, predicted t imt l ine  of 
evolution, md  cantaminant s tay  times. The report describing 
t h i s  work is  Skylab Orbital  Assembly Systems Design Cer t i f ica-  
t ion  Review - Contamination, November 1972. These prediction8 
w i l l  be correlated with the TO27 measured contaminant compoai- 
t ion ,  d i rec t ional  infromation, and period of exposure t o  fur- 
ther  determine these contamination parameters. 

6.5 Guidelines for a Spacecraft Contamination Model - A 
model e n t i t l e d  Outgassing Deposition Rate Assessment Program 
(ODRAP) has been developed t o  predict the Skylab contaminant 
deposition rates.  The report describing t h i s  e f f o r t  i s  
ED-2002-1440 Rev. A, Skylab Program Payload Integration Sur- 
face Effects  Empirical Uodel, September 30, 1972. The data  
from TO27 amplee was t o  have provided f l igh t  values t o  t e s t  
and modify the parameters and assumptions of th i s  model. 



The sample array was exposed through the anti-solar  scien- 
t i f i c  air lock on Skylab 112 fo r  46.5 hour8 of the planned 120 
houra, The array did not col lect  any significant  contaminants. 
No chanps i n  the optical  properties of the sampler wen detected; 
masurements were taken from the x-ray wavelength region t o  the 
infrared. Only trace amounts of contaminants were found w ing  
mass spectroscopy and internal  reflection spectroscopy. In 
both cases no def ini t ive  conclusion could be drawn from the 
results. The mfortunste performance compromises due t o  the 
Skylab micromateorite shield problem and the re la t ive  cleanli-  
ness of the orbi ta l  assembly a t  the anti-solar airlock,placed 
the amount of available surface contaminants near the limiting 
sensi t iv i ty  of the sample array. 

Hawever, evidence of contamination on Skylab has been found. 
Surface deposition of contaminants was very evident i n  the area 
of the EVA (extravehicular act iv i ty)  quadrant of the air lock 
module. Photographs taken during each of the three missions 
show a darkening of the white surfaces into a yellow brown color, 
Several experiments performed in  th i s  area were effected by the 
contaminants. Samples of contaminated surfaces from the S230 
principal investigator D r .  D. Lind, DO24 principal investigator 
D r .  W. Lehn, and SO20 principal investigator D r .  R. Tousey were 
studied i n  our laboratory. Eleven S230 foi l6  were measured fo r  
t o t a l  reflectance from 250 nm to  2500 nm and directional  reflec- 
tance from 1200 nm t o  20500 nm. The fo i l s  were vis ibly  contam- 
inated with a film and the reflectance was significantly lower 
than the backup fo i l s  which remained on the ground. The reflec- 
tance was used t o  calculate the solar  absorptance of the fo i l a  
and the observed interference bands throughout the v i s ib le  wave- 
length region were used to  calculate the thickness of the con- 
taminant. The thickner.r;es ranged from 280 nm t o  1400 nm and 
the solar  absorpta?ce increased up t o  2.4 times the clean value. 
Infrared absorption bands a t  7400 nm and 9900 nm were found i n  
the reflectance spectra of the contaminated fo i l s .  While the 
abrorption bands of the contaminant show some correlation t o  
thoae of coolanol-15 (Skylab thermal control f lu id) ,  there i s  
insufficient evidence t o  def ini te ly  point to  contamination by 
th i s  fluid. The thermal control coatings of DO24 became progrer- 
sively darker on l a t e r  missions, again covered by a yellow-brown 
film. Abrorptioa bands from 9000 nm t o  11000 nm were seen i n  
the reflectance spectra from a section of a DO24 metal handle. 
The SO23 spectrograph experienced a significant  decrease i n  the 
tranrmiasion of the i r  indium and beryllium thin  film f i l t e r s .  



The reflectance rpectra of there f i l t e r s  contained two mrin 
a b ~ o r p t i o n  bmdr at  9900 nm a d  13500 nm. Once again there were 
too few bandr t o  de f in i t e ly  determine the contaminant specier. 

Although the TO27 rample array did not detect  any contami- 
n a n t ~ ,  a r  the data analyrir  of other Skylab experiments progrerr 
more evidence of contamination nvrp be found. Detailed analyois 
of the data from the  three experiwntr  5230, D024, and SO20 along 
with data from other Skylab senrora,ahould yield the needed para- 
meterr f o r  the deporition math model (ODRAP) developed f o r  Skylab. 
It i r  rtrongly recomnanded tha t  t h i r  model be modified and up- 
dated as more contamination evidence i e  collected, i n  arder t o  
predict the level of contamlaante on 2uture apace f l ights .  



APPENDIX A 

ED-2002-1655 Preflight and Postflight TO27 Sampie Measurement 
Plan, March 23, 1973 
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1.1 In t roduc t ion  - This  appendix s e l e c t s  p o r t i o n s  L,L 

ED-2002-1655 P r e f l i g h t  -.nd P o s t f l i g h t  TO27 Sample Measure- 
ment Plan,  March 23, 1S73, t o  d e s c r i b e  the  sample a r r a y  hnrd- 
ware, i n  o r b i t  stowage, o p e r a t i o n s ,  recovery,  and te lemetry  
d a t a ,  requirements.  More d e t a i l s  on t h e  hardware can be 
found i n  MCR-70-140 (Rev 1 )  Operat ing,  Maintenance and 
Handl ing Procedures for  TO27 Sample Array System F l igh t  Hard- 
ware, Septer5er  10,  1971. 

1.2 General Hardware Desc r ip t ion  - The system shown i n  
Figure 1 con ta ins  248 samples which were exposed f o r  va r ious  
d u r a t i o n s  t o  c o l l e c t  contaminants.  Two q u a r t z  c r y s t a l  mfcro- 
balances  (QCM) a r e  being flown fo r  Marshall Spacs F l i g h t  
Center (MSFC) t o  measure the  r a t e  of contaminant d e p o s i t i o n  
on a near  rea l - t ime b a s i s .  Table 1 g ives  a  genera l  d e s c r i p t i o n  of 
t h e  hardware elements and t h e i r  funct ion.  Figures  2-6 i l l u s t r a t = ,  
the  f l i g h t  hardbare.  Molded and "0" r i n g  s e a l s  located on the  
a r r a y  and stowage c o n t a i n e r  w i l l  i s o l a t e  the  samples dur ing ,  
b e f o r e ,  and a f t e r  exposure t o  space. 

The sample a r r a y  a s  shown i n  Figure 6 c o n s i s t s  of a  
lower c a r r o u s e l ,  a  top lower c a r r o u s e l ,  a p o s t ,  a  box, two 
q u a r t z  c r y s t a l  microbalances (QCM1s), and an upper c a r r o u s e l .  
There a r e  248 o p t i c a l  samples i n  a d d i t i o n  t o  t h e  two QCM'c. 
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TABLE 1 - GENERAL HARDWARE DESCRIPTION 
I 

Eauiwent -.-- - - -  - ,  Punct ion /Descr i~ t ion  - -- - 
Sample Array System j 
a.  Canister 1 The c a n i s t e r  houses the sample a r r ay ,  

I the cont ro l  o p t i c a l  samples, the ex- 
' tension mechanism, and the c o n t r s l  

panel;  and provides the  i n t e r f ace  i 
f lange and s e a l  fo r  mating with the  

i +Z SAL. In  addi t ion ,  the can i s t e r  

b. Sample Array 

has two end p la tes .  

The a r ray  contains  the op t i ca l  sam- 
p l e s  and motor-driven car rouse ls  fo r  
time exposures. I n  addi t ion ,  the 

i ar ray  contains  two quartz  c r y s t a l  
1 microbalances which provide near 
I real-time measurements of r a t e  of 

! I contaminant deposition. 

c .  Extension Mechanism I This mechanism allows the sample 
a r ray  t o  be extended out of the SAL 

/ i n t o  the space environment. 
I 

d. Control Panel I The panel,  located on the r ea r  of 

I 
the  c a n i s t e r ,  contains  the power and 
program s t a r t  switches,  the e j e c t i o n  

, mechanism, the extension rod deploy- 
ment l a t ch  mechanism, the array I valve ac tua tor ,  two covered pres- 

e .  Extension Rod 

f .  Eject ion Rod 

.b 

su r i za t i on  valves,  and the power and 
multiplexer connectors. 

The rod allows the array assembly t o  
be extended out of the SAL s o  t ha t  
the  top of the  lower car rouse l  w i l l  
be even with o r  beyond the OWS me- 
teoroid sh ie ld .  

I n  case of malfunction or  emergency 
which prevents fu r the r  use of the 
SAL, t h i s  device is used t o  j e t t i s o n  
the a r ray  assembly i n t o  space. 
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The lower ca r rouse l  has  th ree  r i ngs  which expose sam- 
p l e s  t o  space environment. The inner  two r ings  simultaneously 
expose one sample each fo r  one hour. The ou te r  r i ng  simultane- 
ously exposes two samples f o r  two hours. These r i n g  samples a r e  
only exposed during the  f i r s t  24 hours. 

The top lower car rouse l  contains  29 samples, the  post  
contains  30 samples, and the  box contains  one QCM and 36 samples. 
These samples a r e  a l l  exposed continuously during the  five-day 
exposure period. 

The upper car rouse l  contains  30 samples and one QCM. 
The car rouse l  exposes f i v e  samples f o r  one day each f o r  f i v e  
consecutive days. The upper car rouse l  samples a r e  protected by 
a valve on the  f ron t  of the  car rouse l  before and a f t e r  experi-  
ment operat ion (see Figure 6). The valve covers and s e a l s  f i v e  
openings on the  f ron t  surface.  The valve is opened and closed 
by the  a r ray  valve ac tua to r  assembly located on the  con t ro l  panel. 
This assembly has a la rge  ou t e r  knurled aluminum knob and an alu-  
minum i n t e r n a l  valve ac tua to r  knob (see Figure 4). 

On the  ins ide  of the r e a r  c a n i s t e r  s ec t i on  there  a r e  
45 con t ro l  samples. These samples a r e  located on the four inner  
wal ls  and on the  back s ide  of the concrol  panel. S l id ing  p l a t e s  
automatical ly  cover approximately ha l f  of  these samples when the  
a r ray  i s  deployed. When the  sample a r ray  is  r e t r ac t ed ,  a l l  of 
t he  con t ro l  samples a r e  exposed t o  t he  i n t e r n a l  c a n i s t e r  environ- 
ment. The con t ro l  sample locat ions a r e  shown i n  Figure 7. 

The sample a r r a y  upper and lower ca r rouse l s  a r e  driven 
by e l e c t r i c  motors. The motors rece ive  28 VDC pulses  from the  
a r r ay  e l ec t ron i c  system. An o s c i l l a t o r  provides a c lock f o r  the  
hourly pulses t o  t he  lower motor and pulses  t o  the upper motor 
every 24 hours. The QCM'S a s  mentioned previously a r e  fu r the r  
defined i n  the  followir,g paragraph and shown i n  Figure 8. 

Quartz c r y s t a l  microbalances (QCM's) provide near r ea l -  
time measurements of r a t e  of contaminant depos i t ion  on the  sam- 
ples .  The QCM located on top of the upper ca r rouse l  i s  v i s i b l e  
when the  f ron t  cover is removed. The o the r  QCM is  located i n  
the  a r r ay  box. The e l ec t ron i c s  fo r  both QCM'S a r e  contained i n  
t he  c y l i n d r i c a l  por t ion  of t he  QCM. The QCM'S operate a s  t rans-  
ducers by providing 0-5 v o l t  analog s igna l s  proport ional  t o  the  
accumulated mass deposited upon the sensing surfaces .  The bas ic  



Figure 7. Sample Array Cani s t er  Control Samples 
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pr inc ip l e  involves measuring the difference betwee11 two c r y s t a l  
o s c i l l a t o r s  i n i t i a l l y  operat ing a t  near the  same frequency (10 
MHz). The two frequencies a r e  subtracted y ie ld ing  an audio s ig -  
na l  t ha t  s h i f t s  upward i n  frequency a s  mass accumulates. This 
audio s igna l  is  then processed t o  provide a 0-5 v o l t  output 
corresponding t o  0-12 NIL frequency difference.  Two 10 MHz 
c r y s t a l  o s c i l l a t o r s  provide a 4 v o l t  peak-to-peak output t o  a 
dual  gate  Metal Oxide Semiconductor F ie ld  Ef fec t  T rans i s to r  
(MOSFET) . The MOSFET non- l i nea r ly  mixes t he  two frequencies pro- 
ducing a d i f f e r en t  frequency a t  t he  output a f t e r  appropriate  
f i l t e r i n g .  The un i t  is configured such t h a t  an increase i n  mass 
causes a decrease i n  the  frequency, which produces a r i s e  i n  d i f -  
ference frequency. The analog infonnation provides a s igna l  f o r  
input  t o  a telemetry channel. 

The extension mechanism cons i s t s  of  bearing and s e a l  
glands which a r e  located i n  t he  c a n i s t e r ,  and an extendable l i n k  
assembly shown i n  Figure 9. The bearing and s e a l  glands allow 
the extension rod t o  deploy the sample a r r ay  a s  wel l  a s  maintain 
t he  OWS pressure i n t eg r i t y .  The extendable l i n k  assembly pro- 
vides  support f o r  and prevents extensive r o t a t i o n  of t he  sample 
array.  The extension rod i s  approximately one inch i n  diameter 
by 20 inches long. 

I n  t he  stowage configurat ion the  sample a r r ay  c a n i s t e r  
has  two i d e n t i c a l  end p l a t e s ,  which maintain an a i r - t i g h t  enclo- 
sure  during launch, in-orbi t  stowage, and recovery. On each end 
p l a t e ,  t he re  is a Seaton-Wilson valve with a lanyard connected 
pro tec t ive  cap. This valve provides pressur iza t ion  and depres- 
su r i za t i on  c a p a b i l i t i e s .  The end p l a t e s  a r e  removed and stowed 
i n  the  sample a r ray  stowage conta iner  during experiment operation. 
The end p l a t e s  a r e  r e i n s t a l l e d  t o  the  c a n i s t e r  ends when the  
sample a r ray  is removed from the  SAL. The a r ea s  under t he  end 
p l a t e s  a r e  evacuated t o  space vacuum. 

1. Ino rb i t  Stowane - The sample a r r ay  system is stowed 
i n  a stowage container  which i s  hard-mounted t o  the OWS f l o o r  
i n  the  loca t ion  shown i n  Figure LO. A t  launch, the  sample 
a r ray  c a n i s t e r  and the sample a r ray  stowage conta iner  a r e  pres- 
sur ized with dry ni t rogen t o  5 psia .  Af te r  the  i n i t i a l  usage, 
the  sample a r r ay  c a n i s t e r  and the  container  a r e  stowed under a 
depressurized condition. The a r ea  under both end p l a t e s  of  the 
sample array c a n i s t e r  and the  container  a r e  depressurized t o  
vacuum fo r  15 minutes each. The sample a r r ay  c a n i s t e r  i n t e r i o r  
i s  sealed under a space vacuum condi t ion with t he  c a n i s t e r  array 
valve p r i o r  t o  removal from the  SAL. 
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Figure 10. OWS Experiment Locatton 



1.4 Operation - The astronaut w l l l  remove the smnple array 
canla ter  f ran  the f l i g h t  stowage container and r e s t r a i n  it. Then 
the end p la te r  a re  removed f ran  the can i s t e r  and stored. Next, 
the array can i r t e r  is i n r t r l l e d  in the +Z SAL, power and data 
cabler  a r e  connected, and the array is  extended out i n t o  space. 
Once act ivated,  the array w i l l  operate a u t m a t i c a l l y  f o r  f ive  
consecutive dayr a f t e r  which the  system a u t a m t i c a l l y  shuts  down. 
While extended through the  so la r  SAL (+Z), the top surface of 
the lower carrousel  w i l l  be f lush with the O W  micrometeoroid 
shield.  The performaace of the sample array could be a s  shor t  
as  three dayr because of p r i o r i t i e s  i n  scheduling, i n  e i t h e r  
care  a t  the completion of exposure the array can i s t e r  i s  removed 
and stowed under vacuum. 

1.5 Recoverv - Near the  end of the mission, the array ca- 
d a t e r  with cover p la tes  is stowed i n  the c~rmand module locker 
a s  rhown i n  Figure 11. On the  recovery ship the can i s t e r  w i l l  
be remowd and stored i n  the ground storage container which i b  

the  sam? a8 the f l i g h t  stowage container. The container is t o  
be purged and sealed with gaseous dry nitrogen and returned t o  
MSC within four days a f t e r  splashdown. The array inside the 
container will then be flown t o  MMC-Denver f o r  the pos t f l ight  
measurement program. 

1.6 Data Reauirements - The measurements l i s t e d  i n  Table 2 
a r e  required for  the TO27 sample array experiment. 



Figure 11. Cmmand Module Stowa5e Location 
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TABLE 3 - TO27 SAMPLE ARRAY SYSTEM TIM MEASUREMENT LIST 

Measurement . Name 

Dcy Driver CMD 
(Upper Platform 
In foma t  ion) 

Hour Driver 0 
(Lower P l a t  form 
In£ ormat ion) 

Temperature, 
Quartz Crystal  
Microbalance 
No. 1 

Meas. 
No. 

K7315T027 

K7314T027 

C7309T027 

Temperature, 
I 

Quartz Crystal  
Microbalance 
No. 2 C7 3 10T027 

Frequency, 
Quartz Crystal  
Microbalance 
No. 1 M7 0 16'11027 

F; ?quency, 
Quartz Crystal  
Microba lance 
No. 2 M7017T027 

Meas. 
Ranne 

Bi leve l  
0-5 VDC 

Bileve 1 
. 0-5 VIK: 

-6 t o  
+248OF 
0-5 VDC 

-6 t o  
+ 248OE' 
0-5 VDC 

0-12 KHz 
0-5VDC 

0-12 KHz 
0-5 VDC 

Samples 
p e r  Sec 

1.25 

1.25 

1.25 

1.25 

1.25 

Originates i n  t he  
TO27 Sample Array 
System 

Originates  i n  t he  
TO27 Sample Array 
System 

Originates  i n  t he  
TO27 Sample Array 
System 

. 

Remarks 

Originates  i n  t he  
TO27 Sample Array 
System - OWS 

Originates  i n  t he  
TO27 Sample Array 
System - OWS 

Originates i n  t he  
TO27 Sample Array 
System 

1 

I 
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Selections From 85TRl-6lM1001 Qualification Test Report 
On Sample Array System, Optical Scattering and Contamination 
Experiment (T027), November 29, 1971 and Pertinent Letters. 



1.1 In t roduc t ion  - This appendix s e l e c t s  important se -  
l e c t i o n s  from 85TR1-61M1001 Q u a l i f i c a t i o n  Tes t  Report On Sample 
Array System, Opt ica l  S c a t t e r i n g  and ContaminaLron Experiment 

(T027), November 29, 1971 and P e r t i n e n t  L e t t e r s .  

1.2 Table of Contents 

TABLE OF CONTENTS 

Page 

I. INTRODUCTION . . . . . . . . . . . . . . . . . 1 

11. T E S T D I S C U S S I O N . . . . . . . . . . . . . . . .  1 

P r e t e s t  Component I n s p e c t i o n .  . . . . . . 1 
General Performance Tes t  . . . . . . . . . 1 
Thermar Vacuum Test  With So la r  Simulat ion,  
Operating . . . . . . . . . . . . . . . . 3 
Thermal Vacuum T e s t ,  Operating . . . . . . 4 
Electromagnetic In te r fe rence  (EMI) . . . . 5 
Vibra t ion.  . . . . . . . . . . . . . . . . 5 
Temperature and A l t i t u d e  (Storage and 
Transpor ta t ion)  Nonoperating . . . . . . . 6 
Humidity Test .  . . . . . . . . . . . . . . 6 
Oxygen Tes t ,  Nonoperating. . . . . . . . . 6 
F ina l  General Performance Tes t  . . . . . . 6 
Performance Test  Af te r  Vendor 
Modification . . . . . . . . . . . . . . . 6 
P o s t - t e s t  Inspect ion . . . . . . . . . . . 7 

111. CONCLUS IONS AND RECOMMENDATIONS. . . . . . . . 8 

APPENDIX A. Qua1 i f  i c a t  ion Test  Procedure,  85TP1-61M10001 

APPENDIX B. L e t t e r ,  S&E-QUAL-A'rE-414. 70, December 15, 1970, 
and L e t t e r ,  S6E-SSL-SE-70-313, December 2 1 ,  1970. 

APPENDIX C. Engineering Change Request ,  JGSM-0025 

APPENDIX D. F a i l u r e  Analysis  Report No. T-027-6 



CONTENTS (Con t ' d ) 

Table - 
\ . . .  1 Prcrblems/Discrepancies and Recommended Action. 9 

LIST OF ILLUSTRATIONS 

Figure Page 

. . . . . . . . . . .  1 Sample Array System--Extended. 11 

2 Sample Array System--Flight Stowage Container. . . .  12 

3 Electrical Test Diagram--General Performance Test. . 13 

. . . . . . . .  4 Test Setup--General Performance Test 14 

5a Thermocouple Locations During Thermal Vacuum/Solar 
S i m u l a t i o n T e s t . . . . . . . . . . . . . . . . . .  15 

. . . . . . . . .  5b Thermocouple Numbers and Locations 16 

6 Temperature Versus Time--TC Left Side--Lower . . . . . . . . . . . . . . . . . . . .  Carrousel. 17/18 

7 Temperature Versus Time--TC Spacecraft Wall . . . . . . . . . . . . . . . . . . . .  Simulator. 19/20 

8 Leakage Test Setup--Sanple Array System Installed . . . . . . . . . . . .  in Test Fixture SK-85-769. 21 



1.3 Abs t rac t  - A Sample Array System, manufactured by 
Martin Mar ie t t a  Corporat ion,  Denver Div i s ion ,  MMC p a r t  number 
89900000100-09, was sub jec ted  t o  q u a l i f i c a t i o n  t e s t i n g  i n  
accordance wi th  Q u a l i f i c a t i o n  Tes t  Procedure 85TP1-61M10001 
which i s  included i n  t h i s  r e p o r t .  

The Sample Array System was sub jec ted  t o  the  fo l lowing 
inspec t ions  and t e s t s :  

o  P r e t e s t  inspec t ion  

o  General performance t e s t  

o  Thermal vacuum t e s t ,  wi th  and wi thout  s o l a r  s imula t ion  

o  Vibra t ion  t e s t  

o  Electromagnetic i n t e r f e r e n c e  t e s t  

o  Humidity t e s t  

o  Temperature and a l t i t u d e  t e s t s  ( s to rage  and t r a n s -  
por t  a t  ion)  

o  Oxygen t e s t  

o  F i n a l  genera l  performance t e s t s  

o  P o s t - t e s t  inspec t ion  

The q u a l i f i c a t i o n  t e s t  r e s u l t s  and conclus ions  i n d i c a t e  
t h a t  t h e  Sample Array System, Opt ica l  S c a t t e r i n g  and Contamina- 
t i o n  Experiment (T027), w i l l  be accep tab le  f o r  i t s  intended 
mission i n  the  Skylab Program. The q u a l i f i c a t i o n  t e s t  revealed 
some o p e r a t i o n a l  d i f f i c u l t i e s  t h a t  were i d e n t i f i e d  i n  l e t t e r ,  
S&E-QUAL-ATE-411-70, da ted  December 15,  1970, (Appendix B) . 
A r e p l y  t o  each of the  o p e r a t i o n a l  d i f f i c u l t i e s  was made i n  
l e t t e r ,  S&E-SSL-SE-70-313, dated December 21, 1970, (Appen- 
d i x  B ) .  

Table I p resen t s  the d i sc repanc ies  t h a t  were i d e n t i f i e d  
dur ing q u a l i f i c a t i o n  t e s t i n g ,  along wi th  t h e  recommended 
c o r r e c t i v e  a c t i o n  where appropr ia te .  

1.4 In t roduc t ion  - This r e p o r t  p resen t s  the procedures,  
requirements ,  and r e s u l t s  of the q u a l i f i c a t i o n  t e s t i n g  of one 
Sample Array System, O p t i c a l  S c a t t e r i n g  and Contamination 
Experiment (T027). The Sample Array System was manufactured 
by the  Martin Mar ie t t a  Corporat ion,  Denver Divis ion,  and was 
designed t o  opera te  i n  the i n t e r n a l  atmosphere of a  s p a c e c r a f t  
with p rov i s ions  t o  c o l l e c t  contaminants found e x t e r n a l  t o  the  



Tab le  1 Problems/Discrepancies  and Recommended Act i on  

Pr&lems/Discrepancies  Noted By Recommended Action/Comments By 
S&E -QUAL-ATE S&E-SSL-SE-70-313 

1. The Sample Array w i l l  n o t  There i s  no requi rement  f o r  a power 
c o n t i n u e  t o  o p e r a t e  when s u b j e c -  i n t e r r u p t  t ime i n  t h e  CRS. It i s  
ted  t o  a  30 m i l l i s e c o n d  power ou r  i n t e n t i o n  t o  comple te  t h e  q u a l -  
i n t e r r u p t i o n .  Th i s  a l s o  knocks i f i c a t i o n  t e s t s  and t h e n  per form a n  
o u ~  t h e  power supply  t h a t  sup-  ex tended  s e r i e s  o f  performance t e s t s  
p l i e s  power t o  t h e  QCM's .  t o  de t e rmine  whether  t h e  e v e n t  r e -  

o c c u r s  o r  whether  i t  can  be d i smis sed  
a s  be ing  due t o  pa rame te r ( s )  which 
canno t  be c o n t r o l l e d / m o n i t o r e d  i n  a 
t e s t  environment .  

2. Some mechanical  i n t e r f e r e n c e  T h i s  i s  n o t  b e l i e v e d  t o  be  a  pro-  
e x i s t s  when ex t end ing  t h e  Sample blem, s i n c e  t h e  t e s t s  a r e  conducted  
Array due t o  sagging  of t h e  c a r -  under one "g". However, i t  w i l l  b e  
 rouse:^. Th i s  problem may o r  re-examined by t h e  d e s i g n  e n g i n e e r s  
may no t  e x i s t  i n  z e r o  g r a v i t y .  t o  v e r i f y  t h i s  p o s i t i o n .  

3 .  Gross leakage  was found There i s  r ea son  t o  b e l i e v e  t h a t  t h i s  
through t h e  Sample Array when t e s t  was n o t  conducted  p rope r ly .  
t h e  p r e s s u r e  i s  pumped from t h e  However, i t  w i l l  be r e c o n s i d e r e d .  
atmosphere su r round ing  t h e  S.A. 
No leakage  occu r r ed  around t h e  
mating s u r f a c e  w i t h  t h e  A i r l o c k  
S imula t c r  however. 

4. The s i n g l e  s e t  screws a t t a c h  Th i s  is  a  C l a s s  11, no-cos t  change ,  
i n g  t h e  two d r i v e  mocors t o  which i s  be ing  implemented i n t o  t h e  
t h e i r  d r i v e  g e a r s  loosened and f l i g h t  u n i t .  
d i d  n o t  d r i v e  e i t h e r  c a r r o u s e l  
u n t i l  t i g h t e n z d .  There should 
be a  key o r  p i n  of  some type  t o  
t r a n s m i t  t h i s  to rque .  

5 .  S i x t y  pounds of  f o r c e  was T h i s  may r e q u i r e  a  wa ive r  from t h e  
r e q u i r e d  t o  r e t r a c t  t he  c a r -  human f a c t o r s  peop le ;  however, i t  
r o u s e l s  a g a i n s t  a vacuum d u r i n g  r e q u i r e s  f u r t h e r  c o n s i d e r a t i o n .  
t h e  co ld  c y c l e  of t h e  Thermal 
Vacuum Tes t .  The t empera tu re  
of  t h e  chamber shroud was -230 F 
and t h e  o u t e r  c a r r o u s e l  tempera- 

0 
t u r e  was -43 F. During t h e  h igh  
t empera tu re  c y c l e  o f  t h e  same 
t e s t ,  t h e  r e t r a c t i o n  f o r c e  was 
o n l j  45 pounds ( t empera tu re  
o f  shroud + 2 1 0 ° ~ ) .  



T a b l e  1 (Cont 'd )  

6. Both o f  t h e  s towage con-  Th i s  i s  a p p a r e n t l y  because  t h e  q u a l i -  
t a i n e r s  t h a t  were used  d u r i n g  f i c a t i o n  u n i t  cou ld  n o t  be  " f i t t e d "  
t h e  Qua l i i . : a t i on  T e s t  (Qua1 i n t o  i t s  s t o r a g e  c o n t a i n e r ,  due t o  
Un i t  and Development Un i t )  s chedu le  problems. It is  b e l i e v e d  t o  
caused  b i n d i n g  and would n o t  be a n  a l ignment  problem t h a t  c an  be 
r e l e a s e  t h e  Sample Array  w i t h -  e a s i l y  c o r r e c t e d ,  
o u t  a s p e c i a l  t e c h n i q u e  o f  
h i t t i n g  t h e  r e t a i n e r  sc rews  
w h i l e  someone l i f t e d  t h e  S.A. 
o u t  (two man o p e r a t i o n ) .  

7 .  High t o r q u e  f o r c e s  were r e -  The s p e c i f i c  t o r q u e s  must be measured 
q u i r e d  t o  unscrew t h e  v a l v e  t o  de t e rmine  whether  t h i s  i s  a d i s -  
a c t u a t o r  thumb screw and t h e  c repancy  o r  op in ion .  
knu r l ed  n u t  on t h e  Sample Array.  
These f o r c e s  were n o t  measured 
b u t  could  cause  t h e  a s t r o n a u t s  
d i f f i c u l t y  i n  z e r o  grav i  t y .  

8. There  is no method of  a s c e r -  S i n c e  i t  now a p p e a r s  l i k e l y  t h a t  CQM 
t a i n i n g  t h a t  t h e  Sample Array  i s  r eadou t  w i l l  be  made i n  nea r  r e a l -  
o p e r a t i n g  w i t h o u t  l o o k i n g  a t  t ime ,  i t  i s  sugges t ed  t h a t  t h e  c a r -  
t h e  c a r r o u s e l s  when t h e y  a r e  op- r o u s e l  d a t a  c h a n n e l s  be monitored t o  
e r a t i n g  (once e v e r y  hou r lday  f o r  de t e rmine  i f  t h e  c a r r o u s e l s  o p e r a t e  
e l e v e n  seconds) .  T h i s  w i l l  n o t  p rope r ly .  T h i s  o b v i a t e s  t h e  need f o r  
be  v i s i b l e  t o  t h e  a s t r o n a u t s .  crew mon i to r ing ,  which o t h e r w i s e  would 
An i n d i c a t o r  on t h e  c o n t r o l  be r e q u i r e d .  
p a n e l  cou ld  s ave  t h e  expe r imen t .  

9. During v i b r a t i o n  t e s t s ,  two Th i s  was n o t  expe r i enced  d u r i n g  de -  
of  t h e  g l a s s  samples  ch ipped .  velopment t e s t s .  The problem w i l l  
T h e i r  r i g i d  t ype  o f  mount i s  be examined by t he  d e s i g n  e n g i n e e r s .  
conducive  t o  t h i s  t ype  of f a i l -  
u r e .  A l so ,  t he  ven t  v a l v e  cov-  
e r  on t h e  stowage c o n t a i n e r  v i -  
b r a t e d  l oose .  I t s  l o c k i n g  me- 
chanism d i d  n o t  o p e r a t e .  

LO.  Numerous o u t  o f  s p e c i f i c a -  These a r e  a t t r i b u t e d  t o  t h e  QCM's and 
t i o n  c o n d i t i o n s  were found d u r -  p robably  a r e  w a i v e r a b l e .  The formal  
i ng  EM1 t e s t i n g .  These occu r r ed  EM1 r e p o r t  i s  n o t  a v a i l a b l e ,  bu t  i n -  
d u r i n g  RF Rad ia t ed  I n t e r  f e r e n c e ,  formal  d i s c u s s i o n  between -SE and 
and Broadband and Narrowband A s t r i o n i c s  pe r sonne l  i n d i c a t e  t h i s  i s  
Conducted I n t e r f e r e n c e  T e s t s .  no t  a s e r i o u s  problem. 



Table 1 (Concluded) 

11. The contamination samples This  r e f e r s  t o  i tem 4 above, and is  
i n  the  c a r r o u s e l s  a r e  no t  me- bel ieved t o  be cor rec ted  when t h a t  
c h a n i c a l l y  clocked proper ly  discrepancy is f ixed.  
wi th  t h e  exposure oper,ings pro- 
vided f o r  them. This czuld  
g ive  erroneous i n d i c a t i o n s  when 
post  f l i g h t  eva lua t ion  of sam- 
p l e s  occur. 



spacecrhf t  on exposed o p t i c a l  s u r f a c e s .  The Sample Array (MMC 
P a r t  No. 89900000100-09) configurat.!on was i n  accordance wi th  
published drawing l i s t  r e v i s l o n  No. 1 ,  dated January 4 ,  1971. 
Any d e v i a t i o n s  were c o v e ~ e d  by Mater ia l  Review Board a c t i o n .  
Information from Martin Mar ie t t a  Corporation i s  t h a t  f a b r i c a -  
t i o n  of the  q u a l i f i c a t i o n  u n i t  was covered by q u a l i t y  c o n t r o l  
i n s p e c t i o n ,  and t h a t  the  records  of  such inspec t ion  a r e  r e -  
t a ined  a t  t h e i r  Denver f a c i l i t y .  All q u a l i f i c a t i o n  t e s t i n g  
was performed a t  MSFC except the  t t ~ e r ~ n a l  vacuum s o l a r  s imula t ion  
t e s t  which was performed a t  MSC. 

1 .5  Thermocouple Location - Table 2 l i s t s  the  l o c a t i o n  
of  the  35 thermocouples which were used t o  monitor the  tempera- 
t u r e s  of the  sample a r r a y  and t e s t  chamber dur ing  the  q u a l i f i -  
c a t i o n  t e s t i n g .  Figure  1 shows the  p o s i t i o n  of  the numbered 
thernocauples  on the  sample a r r a y .  

1.6 Problems and Discrepancies  - Table 1 l i s t s  t h e  problems1 
d i sc repaac  i e s  and recommended a c t  i o c s  fo r  the  sample a r r a y  
f l i g h t  q u a l i f i c a t i o n  t e s t .  

1.7 L e t t e r s  - The fol lowing four retyped cop ies  of l e t t e r s  
i l l u s t r a t e  some of the  response t o  the  problems t h a t  occurred 
dur ing the  sample a r r a y  f l i g h t  q u a l i f i c a t i o n  t e s t .  



Table 2 Thermocouple Locat ion 

Thermocouple No. Location 

Top upper c a r r o u s e l  sample p l a t e  
Bottom f r o n t  p l a t e  
Top f r o n t  p l a t e  
Front of forward QCM 
Bottom r i g h t  s i d e  upper c a r r o u s e l  
Top lower c a r r o u s e l  
Top connecting post  
Back t o p  of upper c a r r o u s e l  by motor 
Back bottom of upper c a r r o u s e l  
Lower c a r r o u s e l  motor 
Top l e f t  s i d e  lower c a r r o u s e l  f r o n t  
Lef t  s i d e  upper c a r r o u s e l  
L e f t  s i d e  lower c a r r o u s e l  
E x t e r i o r  r i g h t  s i d e  a n t i r o t a t i o n  boom 
E x t e r i o r  l e f t  s i d e  a n t i r o t a t i o n  boom 
Extension rod top 
I n t e r i o r  c a n i s t e r  f l o o r  
Lower r i g h t  of lower c a r r o u s e l  f r o n t  
Right s i d e  c a n i s t e r  
L i f t i n g  handle 
Top c o n t r o l  box 
Right s i d e  lower p a r t  of c o n t r o l  box 
Lef t  s i d e  forward of c a n i s t e r  
Next i O  power connector 
Next t o  l a t c h  
L e f t  s i d e  c o n t r o l  box 
Next t o  s t a r t  swi tch  
Forward c a r r o u s e l  bottom of f r o n t  p l a t e  
Bottom forward f lange of c a n i s t e r  
Bottom c o n t r o l  box 

Not Shown on Figure ! 

Ins ide  top o f  t e s t  f i x t u r e  
I n s i d e  bottom of t e s t  f i x t u r e  
Spacecraf t  w a l l  s imulator  
Spacecraf t  w a l l  s imulator  
Spacecraf t  w a l l  s imulator  



December 15, 1970 

TO : M r .  Leonard S. Yarbrough, 
S&E-SSL-SE 

FROM : Chie f ,  Environmental Tes t  Sec t ion ,  
S&E-QUAL-ATE 

SUBJECT: Pre l iminary  Report of Q u a l i f i c a t i o n  T e s t i n g  
on the  Sample Array,  O p t i c a l  S c a t t e r i n g  and 
Contamination Experiment (T027) 

The Q u a l i f i c a t i o n  Test  on the  Sample Arrcy i s  now 80% complete. 
The only  environments remaining t o  be pui on the  t e s t  specimen 
a r e :  (1)  A l t i t u d e ,  Temperature, and Stowage; (2 )  Humidity; 
(3)  Oxygen, and (4) two remaining a x i s  of v i b r a t i o n .  By 
working the  two remaining weekends (Saturday and Sunday) p r i o r  
t o  C h r i s t m ~ s ,  a l l  environmental t e s t i n g  w i l l  be complete l eav ing  
only the  genera l  perrormance t e s t  t o  be run a f t e r  the hol iday 
season (January 4 ,  1971). 

Some o p e r a t i o n a l  d i f f i c u l t i e s  have been encountered dur ing t h i s  
t e s t  program which a r e  worthy of note.  For the most p a r t ,  they 
a r e  human f a c t o r s  problems t h a t  may work a hardship  on t h e  a s -  
t ronau t s  performing the  experiment. Below a r e  these  problems1 
d i sc repanc ies :  

a .  The Sample Array w i l l  not  cont inue t o  opera te  when sub- 
jec ted  t o  a 30 mil l i second power i n t e r r u p t i o n .  This a l s o  knocks 
ou t  the  power supply t h a t  supp l i es  power t o  the  QCM's. 

b. Some mechanical i n t e r f e r e n c e  e x i s t s  when extending the  
Sample Array due t o  sagging of the  c a r r o u s e l s .  This prsblem 
may o r  may not  e x i s t  i n  zero  g r a v i t y .  

c .  Gross leakage was found through the Sample Array when 
the  pressure  i s  pumped from the  atmosphere surrounding t h e  S.A. 
No leakage occurred atound the mating su r face  with the Air lock 
s imulator  however. 

d .  The s i n g l e  s e t  screws a ' t taching the two d r i v e  motors 
t o  t h e i r  d r i v e  gears  loosened and did  not  d r i v e  e i t h e r  c a r r o u s e l  
u n t i l  t ightened.  There should be a key o r  pir. of some type t o  
t ransmit  t h i s  torque.  



e .  S ix ty  pounds of fo rce  was required t o  r e t r a c t  the  
car;ouuels a g a i n s t  a  vacuum dur ing  the  cold c y c l e  of the The&mal 
Vacuum Test .  The temperature of the  chambeg shroud was -230 F 
and the  o u t e r  c a r r o u s e l  temperature was -43 F. During the  h igh 
temperature cyc le  of the  same t e s t ,  t he  r e t r a c t i o n  fo rce  was 
only 45 pounds ( temperature of  shroud +210°E'), 

f .  Both of the  stowage c o n t a i n e r s  t h a t  were used dur ing  t h e  
Q u a l i f i c a t i o n  Tes t  (Qua1 Unit and Development Uni t )  caused binding 
and would not r e l e a s e  the  Sample Array wi thout  a  s p e c i a l  t ech-  
nique of h i t t i n g  the r e t a i n e r  screws whi le  someone l i f t e d  the  
S .A. out  (two man opera t i o n ) .  

g.  High torque f o r c e s  were requ i red  t o  unscrew t h e  valve 
ac ' tuator thumb screw and the  knurled nu t  on the  Sample Array. 
These fu rces  were not  ineasured but could cause t h e  a s t r o n a u t s  
d i f f i c u l t y  i n  zero  g r a v i t y .  

h. There i s  no method of  a s c e r t a i n i n g  t h a t  the  Sample Array 
i s  opera t ing  wi thout  looking a t  the  c a r r o u s e l s  when they a r e  
opera t ing  (once every  hourlday for e leven seconds).  This w i l l  
not  be v i s i b l e  t o  the  a s t r o n a u t s .  An i n d i c a t o r  on the  c o n t r o l  
panel could save the  ex per imen t . 

i. During v i b r a t i o n  t e s t s ,  two of the  g l a s s  samples chipped. 
Their  r i g i d  type of mount i s  conducive t o  t h i s  type of f a i l u r e .  
Also, the  vent valve  cover on the  stowage con ta ine r  v ib ra ted  
loose.  Its locking mechanism did no t  opera te .  

j. Numerous ou t  of s p e c i f i c a t i o n  cond i t ions  were found 
dur ing  EM1 t e s t i n g .  These  curr red dur ing  RF Radiated I n t e r f e r e n c e ,  
and Broadband and Narrowband Conducted I n t e r f e r e n c e  Tes t s .  

k. The con tha ina t ion  samples i n  the  c a r r o u s e l s  a r e  no t  
mechanCcally clocked p roper ly  wi th  the  exposure openings provided 
fo r  them. This coul l gi:? erroneous  i n d i c a t i o n s  when post  
f l i g h t  eva lua t ion  of samples occur.  

It i s  recommended t h a t  t h e s e  d i s c r e p a n c i e s  be reviewed and 
appraised f o r  the  o v e r a l l  e f f e c t  on intended missions.  The 
experience gained by t h i s  Sect ion dur ing t h i s  t e s t  program shows 
the  n e c e s s i t y  for an i n d i c a t i o n  ( l i g h t  or  c a r r o u s e l  p o s i t i o n  
i n d i c a t o r )  t h a t  the  experiment i s  opera t ing .  On two occas ions  
i t  was thought t h a t  t h e  equipment was o p e r c t i o n a l  only  t o  f ind  
out  a  day l a t e r  t h a t  f a c i l i t y  power i n t e r r u p t i o n  had cccurred 
and r e s e t  was requ i red .  

James G. Reavis 
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December 21 ,  1970 

THRU Mr. R. Lake, S6E-R-F 

TO Mr. J. Waite ,  PM-SL-DP 

FROM C h i e f ,  F l i g h t  Experiments  Branch,  S&E-SSL-SE 

SUBJECT S t a t u s  Repor t  of Sample Array  Q u a l i f i c a t i o n  T e s t i n g  

At tached  f o r  your  i n f o r m a t i o n  i s  a  r e p o r t  from S&E-QUAL-ATE on t h e  
Sample Array  Q u a l i f i c a t i o n  T e s t s .  The f o l l o w i n g  cornmerits app ly  
t o  t h e  c o r r e s p o n d i n g  p r o b l e m s / d i s c r e p a n c i e s  i n  t h e  a t t a c h m e n t :  

a .  A t  hour  22 o f  t h e  per  f ~ r m a n c e  t e s t  f o l l o w i n g  v i b r a t i o n ,  
t h e  h o u r l y  c a r o u s e l  motor d i d  n o t  s h u t  o f f .  The t e s t  was r e -  
pea t ed  and t h e  e v e n t  d i d  no t  r e o c c u r .  T h i s  may o r  may n o t  be 
r e l a t e d  t o  t h e  problem r e p o r t e d  i n  t h e  a t t a c h e d  r e p o r t .  An 
i n t e r r u p t i o n  o f  power r e q u i r e s  r e c y c l i n g  of t h e  Sample Ar ray  
c o n t r o l  l o g i c ;  low and bus v o l t a g e  c a n  a l s o  i n t e r f e r e  w i t h  t h e  
c o n t r o l  l o g i c .  The CRS l i m i t s  of 28 v.d.c.  + 4 v ,d . c .  do  n o t  
a f f e c t  t h e  Sample A r r a y ' s  per formance ,  b u t  a-lower v o l t a g e  
t han  24 v.d.c.  could  v e r y  w e l l  deg rade  i t s  per fc rmance .  The re  
i s  no  s t a t e d  r equ i r emen t  f o r  a  power i n t e r r u p t  t ime  s t a t e d  i n  
t h e  CRS. It  is ou r  i n t e n t i o n  t o  comple te  t h e  q u a l i f i c a t i o n  
t e s t s  and t h e n  per form 6n extended  s e l  i e s  o f  performance t e s t s  
t o  de t e rmine  whether  t h e  even t  d e s c r i b e d  above r e o c c u r s  o r  whether  
i t  can  be d i smi s sed  a s  b e i n g  due t o  p a r a m e t e r ( s )  which c a n n o t  
be c o n t r o l l e d / m o ~ ~ i t o r e d  i n  a t e s t  environment .  

b. Th i s  i s  n o t  b e l i e v e d  t o  be a  problem, s i n c e  t h e  t e s t s  
a r e  conducted under  one "8". However, i t  w i l l  be re-examined 
by t h e  d e s i g n  e n g i n e e r s  t o  v e r i f y  t h i s  p o s i t  ion .  

c .  There  i s  r ea son  t o  b e l i e v e  t h a t  t h i s  t e s t  was n o t  con-  
duc t ed  p r o p e r l y .  However, i t  w i i l  be r e c o n s i d e r e d ,  

d.  T h i s  i s  a  Class 11, no -cos t  change ,  which i s  b e i n g  
implemented i n t o  t h e  f l i g h t  u n i t ,  

e ,  T h i s  may r e q u i r e  a waiver  from t h e  human f a c t o r s  peop le ;  
however, i t  r e q u i r e s  f u r t h e r  c o n s i d e r a t i o n .  

f .  T h i s  i s  a p p a r e n t l y  br?cause t h e  q u a l i f i c a t i o n  u n i t  could  n o t  
be " f i t t e d "  i n t o  i t s  s t o r a g e  z o n t a i n e r ,  due t o  s chedu le  ~ r o b l e m s .  
I t  i s  be l i eved  t o  be an a l ignment  problem t h a t  c a n  be e a s i l ;  



cor rec ted .  

g. The s p e c i f i c  torques  must be measured t o  determLne whe- 
t h e r  t h i s  is  a discrepancy o r  opinion,  

h. Since  i t  now appears  l i k e l y  t h a t  QCM reado,t w i l l  be 
made i n  near  r ea l - t ime ,  i t  i s  suggested t h a t  the  c a r r o u s e l  
d a t a  channels be monitored t o  determine i f  the  c a r r o u s e l s  opera te  
properly.  T h i s  obv ia tes  t h e  need f o r  crew monitoring,  which 
otherwise  would be requ i red .  

i. This was not experlsnced dur ing  development t e s t s ,  
The problem w i l l  be e x a m i n t ~  by the des ign engineers .  

j. These a r e  aL:rib,.:ed t o  tile QCM's, and probably a r e  
waiverable The f ~ r m a l  EM1 r e p o r t  i s  not  a v a i l a b l e ,  but  in-  
formal d i scuss ion  between -SE and A s t r i o n i c s  personnel i n d i c a t e  
t h i s  i s  not a  s e r i o u s  problem. 

k .  This r e f e r s  t o  i tem d. abcve, and i s  bel ieved t o  be 
corrected when t h a t  d iscrepancy i s  f ixed.  

The i n t e r r u p t  ion of f a c i l i t y  power mentioned i n  t h e  f i n a l  
paragraph of  the r e p o r t  was cor rec ted  t o  t h e  e x t e n t  t h a t  
a u x i l i a r y  ba t t e . i e s  were used dur ing  l a t e r  t e s t s  t o  avoid t h i s  
problem. It i s  r e g r e t t a b l e  t h a t  a  running time meter was n e t  used 
t o  monitor f a c i l i t y  power from t h e  beginning of the  t e s t s ,  but  
t h a t ' s  another mat ter .  

If the re  a r e  any q u e s t i o n s ,  p lease  advise .  

Leonard S. Yarbrough 

Enc : 
As s t a t e d  



14 December 1971 

Refer  t o :  71-Y-14267 

To : Nat iona l  Ae ronau t i c s  and Space Admin i s t r a t i on  
George C. Marsha l l  Space F l i g h t  Cen te r  
Marsha l l  Space F l i g h t  C e n t e r ,  Alabama 35812 

At tn :  M r .  Ar thur  T. Ousley/S&E-R-F 

Subj  : Cont rac t  NAS8-21495, Q u a l i f i c a t i o n  T e s t  Report  on 
Sample Array System, O p t i c a l  S c a t t e r i n g  and Con- 
tamina t  ion Experiment (T027), 85TR1-61M10001, 
Novembor 29 ,  1971 

A f t e r  rev iewing  t h e  Xerox copy o f  t h e  q u a l i f i c a t i o n  test r e p o r t  on  
t h e  sample a r r a y  sys tem,  I have t h e  fo l lowing  q u e s t i o n s  and c m -  
ments concern ing  t h i s  r e p o r t  and t h e  a r r a y  system. 

1. The r e p o r t  d o e s n ' t  c o n t a i n  t h e  reduced d a t a  from a l l  o f  
ana log  t e l eme t ry  channe l s  and a l l  o f  t he  35 thermocouples.  
The in fo rma t ion  ob ta ined  d u r i n g  t h e  q u a l i f i c a t i o n  t e s t  i s  
impor tan t  t o  me i n  deve lop ing  t h e  o v e r a l l  c a l i b r a t i o n  o f  
t h e  samples and t h e  a r r a y  system and any d a t a  ob t a ined  
d u r i n g  t h e  t e s t  i s  needed. 

2. An o u t  of  s p e c i f i c a t i o n  leakage  r a t e  about  t h e  QCMB s e a l  
i s  shown c -  page 2. The rework recommended i n  t h e  r e p o r t  
appea r s  t o  work, s i n c e  t h e  accep tance  t e s t  of t h e  f l i g h t  
sample a r r a y  d i d  no t  show any leakage .  U n f o r t u n a t e l y ,  s i n c e  
t h e  u n i t  leaked be fo re  t h e  thermal/vacuum t e s t ,  any a d d i -  
t i o n a l  leakage  r e s u l t i n g  from t h e  environment  would be  
d i f f i c u l t  t o  de te rmine .  Are your m a t e r i a l  r e s e a r c h  people  
c o n f i d e n t  t h a t  i f  t h e  s e a l  i s  t i g h t  d u r i n g  accep tance  tests 
i t  w i l l  remain s o  i n  t h e  space  e n v i r o ~ m e n t ?  It i s  ve ry  
impor tan t  t h a t  t h e  upper c a r r o u s e l  head s e a l  t h e  samples 
from any non-space environment and I am concerned about  .the 
epoxy s e a l i n g  p r o p e r t i e s  a f t e r  exposure  t o  s o l a r  r a d i a t i o n  
and vacuum. 

3. The r e p o r t  does no t  c o n t a i n  any r e s u l t s  from t h e  two 
QCMB's which ope ra t ed  d u r i n g  t h e  t e s t .  Did t h e  thermal/vacuum 
t e s t s  have any e f f e c t  on t h e  ba l ances?  In p a r t i c u l a r ,  when t h e  
chamber s e l f - con tamina t ed  what was t h e  response  n €  t h e  c r y s t a l s ?  



4. Page 4 d e s c r i b e s  t h e  chamber l o s i n g  vacuun and b e i n g  con-  
tamina ted  w i t h  d i f f u s i o n  pump o i l .  How d i d  t h e  a r r a y  sys tem 
respond d u r i n g  t h i s  p e r i o d ?  Did t h e  lower c a r r o u s e l  o p e r a t e  
d u r i n g  t h i s  t ime?  Reduced d a t a  from a l l  o f  d a t a  c h a n n e l s  
w i l l  h e l p  rtie e v z l u a t e  t h e  p e r f o r m a ~ c e  of  t h e  system. Even 
though t h e  d a t a  p t i n t e r  f a i l e d ,  t h e  f i r s t  24 h o u r s  of  d a t a  
shou ld  a l l o w  a  compar i soc  between t h e  p r e d i c t e d  t he rma l  
c a l c u l a t i o n s  and t h e  measured va lues .  Has t h e r e  been any 
a n a l y s i s  o f  t h e  t he rma l  p r o f i l e  o f  t h e  sys tem i n  t h i s  
t e s t ?  

5. On page 5 t h e  e r r a t i c  behav io r  o f  t h e  lower c a r r o u s e l  
r o t a t i n g  e v e r y  6 seconds  i n  t h e  22nd hour  must be e x p l a i n e d .  
A power i n t e r r u p t i o n  could  r e c y c l e  t h e  c o u n t i n g  l o g i c  b u t  
i t  should  t h e n  s t i l l  r o t a t e  once  e v e r y  hour .  Did t h e  
c a r r o u s e l  r o t a t e  about  150 p o s i t i o n s  d u r i n g  t h i s  15  minute  
p e r i o d ?  

6. The s to r age /hu rn id i t y  t e s t s  d e s c r i b e d  on page 6 showed 
no  anoma l i e s .  The p r e l i m i n a r y  s a l t / f o g  t e s t s  performed 
h e r e  a t  Denver on t h e  photometer  s t o r a g e  c o n t a i n e r  showed 
c o r r o s i o n  o f  t h e  me ta l .  Have compar i sons  been made t o  d e -  
t e rmine  why t h e  r e s u l t s  d i s a g r e e ?  

7. The f i n a l  performance t e s t  a g a i n  snowed t h e  e x c e s s i v e  
l e akage  r a t e  abou t  t h e  upper  QCMB a s  shown on page 6. A s  t h e  
e n t i r e  sample a r r a y  sys tem was de s igned  t o  minimize any  non- 
m e t a l l i c  m a t e r i a l s ,  t h e  use  o f  Epon 934 t o  s e a l  t h e  c a b l e  
o f  t h e  QCMB was a compromise i n  o r d e r  t o  t i m e l y  accommodate 
t h e  PlSFC/SSL QCMB g u e s t  sample. Al though t h i s  epoxy i s  on 
t h e  Sky lab  approved m a t e r i a l s  l i s t ,  i t s  l o c a t i o n  c l o s e  t o  
t h e  upper  c a r r o u s e l  samples  d i c t a t e s  d e l i g e n t  c o n t r o l  o f  
t h e  amount o f  a d h e s i v e  used and i n  a d d i t i o n  a  vacuum de-  
g a s s i n g  o p e r a t i o n  should  be performed a f t e r  t h e  m a t e r i a l  
ha rdens .  During t h e  vacuum d e g a s s i n g ,  t h e  t e m p e r a t u r e  o f  
t h e  a r e a  shou ld  t e  r a i s e d  t o  a t  l e a s t  10% h i g h e r  t h a n  t h e  
h i g h e s t  p r e d i c t e d  t e m p e r a t u r e  t h e  m a t e r i a l  w i l l  e x p e r i e n c e .  
T h i s  vacullm bakeout  i s  n o t  c u r r e n t l y  i n  t h e  p r o c e s s  pro-  
c e d u r e s ,  i t  cou ld  be done on t h e  f1igi . t  and backup u n i t s  
d u r i n g  t h e  r e c l e a n i n g  pe r iod  a f t e r  t h e  MDAC-WD i n t e g r a t i o n  
t e s t s .  

S i , , c e r e l y ,  
MARTIN MARIETTA CORPORATION 

c c :  Messrs .  R. Naumann, 
S&E-SSL-P 
T. R. Heaton 
J. K i e r e i n  

J. A. Muscar i  
P r i n c i p a l  I n v e s t i g a t o r ,  TO27 



S6E-R-F (3-72) January 5,  1972 

TO : Martin Mar ie t t a  Corporation 
At tn:  D r .  J .  A. Muscari 

FROM : S&E-R-FIArthur T. Ousley 

SUBJECT: Q u a l i f i c a t i o n  Test  Report on Sample Array System, Opt ica l  
S c a t t e r i n g  and Con taminatioq Experiment (T027), 85 TRI- 
61M10001, November 29, 1971 

In answer t o  your memorandum 71-Y-14267 ( a t t a c h e d ) ,  da ted December 
14,  1971, t h e  following comments a r e  presented:  

1. Reference comment (1) o f  your memo. The d a t a  i s  a v a i l -  
a b l e  and w i l l  be reduced and s e n t  t o  you under s e p a r a t e  cover. 

2. Reference comment (2; of your memo. The leakage about t h e  
QCMB s e a l  was measured be fo re  the s t a r t  of  q u a l i f i c a t i o n  t e s t i n g  
and again  i n  the  f i n a l  performance t e s t  a f t e r  a l l  environmental t e s t -  
ing. Both measurements were 7.6 cc/min. (3cc/min. a l lowable ) .  It  
was concluded from t h i s  t h a t  the  environmental exposures had no ad- 
ve r se  e f f e c t  on the  s e a l i n g  mate r i a l .  As you s t a t e ,  t h e  f l i g h t  
u n i t  had no leakage dur ing  acceptance t e s t  which indicates t h e  
p resen t  s e a l i n g  method is  s a t i s f a c t o r y .  

The m a t e r i a l s  r e sea rch  people a t  MSFC have s t a t e d  t h a t  the  Epon 934 
is  a 10Q1 r e a c t i v e  m a t e r i a l  which w i l l  not  outgas  any u n t i l  the 
decompos~t  ion temperature is exceeded. This temperature i s  i n  ex- 
cess  of  350'~. They fur the;  s t a t e  t h a t  a vacuum bakeout would be 
unnecessary. 

3. Reference comment (3)  of your memo. The QCMB's a t t ached  
t o  the  SA Qua1 a r t i c l e  were t r e a t e d  a s  s e p a r a t e  e n t i t i e s  dur ing  
the  q u a l i f i c a t i o n  t e s t i n g  even t o  the  point  of d a t a  being c o l l e c t e d  
by two d i f f e r e n t  MSFC organ iza t ions .  The d a t a  on the QCMB's was 
organized i n  a separa te  r epor t .  The d a t a  w i l l  be s e n t  t o  you 
under s e p a r a t e  cover and the  r e p o r t  w i l l  be forwarded when com- 
p le ted .  

4. Reference comment (4) of  your memo. The Sample Array 
System performed normally through a l l  phases of t h i s  t e s t .  The 
d a t a  w i l l  be made a v a i l a b l e  t o  you fo r  your a n a l y s i s .  



5 .  Reference comment (5) of your memo. During t h e  22nd hour ,  
t h e  c a r r o u s e l  d r i v e  motor r o t a t e d  c o n t ~ n u o u s l g .  The gear d r i v e  
mechanism under these  cond i t ions  causes  t h e  c a r r o u s e l  t o  change 
p o s i t i o n s  every 6 seconds wi th  approximately 5  seconds dwe'l a t  
each pos i t ion .  The c a r r o u s e l  r o t a t e d  about 82 p o s i t i o n s  dur ing  
t h e  15 a i n u t e  period.  According t o  the  MMC e l e c t r o n i c s  people,  
a  power i n t e r r u p t i o n  can d i s t r a c t  the counting l o g i c  i n  such a  
fashion a s  t o  r e s u l t  i n  t h e  cond i t ion  desc r ibed  i n  the  r e p o r t .  
We could not  d u p l i c a t e  t h i s  anomaly, nor d i d  it recur  dur ing  t h e  
remainder of the  t e s t i n g .  

6. Reference comment (6) of your memo. We were unaware of  
t h e  c o r r o s i o n  de tec ted  dur ing  s a l t  fog t e s t i n g  a t  MMC. It is  
not unusual LO o b t a i n  d i f f e r e n t  r e s u l t s  from s a l t  sp ray  and humidity 
t e s t s  s i n c e  they a r e  e n t i r e l y  d i f f e r e n t  t e s t s .  The s a l t  fog t e s t  
was not included i n  q u a l i f i c a t i o n  t e s t i n g  because the  device  w i l l  no t  
s e e  t h i s  environment i n  use.  

7. Reference comment (7 )  of your memo. See paragraph 2 ,  
t h i s  memo. 

Arthur T. Ousley 
Pro jec t Miinager , TO27 

CC : 
MMCIMr. Hescon 
MMC/Mr. K ie re in  
S&E-SSL-P/Mr. Naumann 
A&TS - PR-MBA/Mr . Smith 
S&E-QUAL-ES/M~. Fowler 
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APPENDIX F 

Sections From Analysis o f Possible 0rganf.c Con taminat ion On 
Sample Holding Plates and Mass Spectrometer Probes Returned From 
skylab By Denver Research Inst i tute .  



Solvent P repara t ion  and Sample 
P l a t e  Washing Procedure 

We a n t i c i p a t e d  t h a t  any organic  coataminat  ion  prese1.t on 
the  sample holding p l a t e s  would be the re  i n  t r a c e  quantities so 
we t h e r e f o r e  checked ou t  s o l v e n t s  t o  be s u r e  they were f r e e  of  
contamination.  Although we s t a r t e d  with the  reagent  grade s o l -  
vents  benzene, hexane, rnechylethylketone and e thano l  t h e r e  was 
enough contamination present  t h a t  i t  was necessary  f o r  us t o  r e -  
d i s t i l l  the  so lven t s .  This  contamination was observed by t ak ing  
a  100 m l .  a l i q u o t  of the  solvent  t o  near dryness  then p lac ing  
a po. t i o n  of t h i s  concen t ra te  on the  Inass spectrometer probe fo r  
ana lys i s .  Af te r  d i s t i l l i n g  the s c l v e n t s  we were s a t i s f i e d  t h a t  
theso lven t s  were f r e e  of contamination.  Although the  mass spec- 
t r a  of the s o l v e n t s  a r e  not included i n  the  r e p o r t  they a r e  
a v a i l a b l e .  

The hexane was used t o  wash the  s t a i n l e s s  s t e e l  s u r g i c a l  
t r a y s  i n  which t h e  sample p l a t e s  were t ranspor ted  t o  DRI and i n  
which they were subsequentiy washed with t h e  four s o l v e n t s .  

Upon r e c e i p t  o f t h e  sample p l a t e s  t h r e e  of them were s e l e c t e d  
£07 ana1ys:s by Dr. Wcstcott .  They a r e  p l a t e s  (99177-84) and 
(104153-61: and (2071206-217). The wash procedure a s  o u t l i n e d  
i n  the Statement of Work was followed. 



Gas Chromatographic A n a l y s i s  o f  
Sample P l a t e  S o l v e n t  Washes 

P r i o r  t o  a n a l y s i s  we washed fou r  s t a i n l e s s  s t e e l  s u r g i c a l  
t r a y s ,  w i t h  t o p s ,  t o  remave a l l  hexane s o l u L l e  o r g a n i c s  which 
might be p r e s e n t .  A hexane wash of t h e s e  t r a y s  was ana lyzed  by 
mass spec t rome t ry  t o  be s u r e  t h a t  t h e  t r a y s  were c l e a n  and t h e n  
t h e  t r a y s  were g iven  t o  Dr. Wes t co t t .  The t r a y s  were r e t u r n e d  
t o  D R I  each  c o n t a i n i n g  a  sample p l a t e  and i n  a d d i t i o n  a  f i f t h  
t r a y  c o n t a i n 4 q q  t h e  f i f t h  sample p l a t e  g iven  t o  u s .  Th i s  f i f t h  
t r a y  was c l eaned  a t  t h e  Mar t in  Cc. Although t h e  chrtmatograms 
a r e  l a b e l e d  a c c o r d i n g  t o  t + e  sample p l a t e  number any con t amina t i on  
p r e s e n t  could  come from t h e  t r a v  il l  which t h e  sample p l a t e  
was t r a n s p o r t e d  and washed acco rd ing  t o  t h e  S t a t emen t  o f  Work. 

Chromatographic c o n d i t i o n s  f o r  each  r u n  were  t h e  same and 
a r e  i n a i c a t e d  on t h e  i n d i v i d u a l  chromatograms a s  w e l l  a s  on t h e  
fbr!il below. Dr. Wes t co t t  s e l e c t e d  p l a t e s  ( 9 9 1 7 7 - 8 4 ) ,  (104153-62) 
and (297/206-217) f o r  a n a l y s i s .  

The chromatograns  a r e  p r e sen t ed  w i t h  a l l  f ou r  washes o f  2ach 
p l a t e  ana lyzed  a r r anged  i n  o r d e r  of t h e  washing namely hexane ,  
benzene,  me thy l e thy lke tone  and methanol .  A c t u a l l y  t h e  o r d e r  of 
anal:,sis foll.>wed was t o  d o  t h e  hexmi :  wash of a l l  t h r e e  p l a t e s  t h e n  
t he  benzene wash of a l l  t h r e e  p l a t e s ,  t h e  me thy l e thy lke tone  wash 
and f i n a l l y  t h e  :liethan01 was done. T h i s  means t h a t  t he  peaks 
which a r e  p r e s e n t  a t  twelve  and t h i r t e e n  minutes  a f t e r  ~ n j e c t i o n  
when a n a l y z i n g  t h e  washes from p l a t e  a n d / o r  t r a y  number 2071206-217 
a r e  unique t o  t h e  sample and n o t  a  p o s s i b l e  chromatographic  con- 
tamina i on .  In g e n e r a l ,  t h e  chromatograph t empera tu re  was h e l d  

El 
a t  100 C .  f o r  two minutes  u n t i l  thg  s o l v e n t  geak  emerged t h e n  t h e  
t empera tu re  was i n c r e a s e d  from 100 C. t o  300 C. i n  twe lve  minutes .  
The c h a r t  speed i s  one -ha l f  inch  per  minute.  The s m a l l  peaks 
which came o u t  between l.0 and 14 mirlutes a f t e r  sarvple i n j e c t i o n  
a r e  due t o  s i l i c o n e  b l e ~ J  i r o m  t h e  septum through which t h e  sample 
i s  i n j e c t e d  o n t o  t h e  t hromsltographic column. When the  methanol  
washes were ana lyzed  rh,: than01 t a i l e d  b a d l y  because  of  i t s  
p o l a r i t y  and t h u s  maskcti any poss  i h l e  con t amina t  ion p r e s e n t .  Our 
a n a l y s i s  p rocedure  was o r i e n t e d  toward; t5 :  r e i a t i v e l y  n o n - v o l a t i l e  
o rga t r ics  because i t  i s  assumed t h a t  v o l - , i l e s  would r e a d i l y  e s -  
cape under t he  vacuum c o n d i t i o n s  e x t e r i o r  t o  t h e  Skylab.  

The chromatogr~.mr show o n l y  one s i g n i f i c a n t  peak and one 
l e s s e r  peak i n  each  wash of p l a t e  (2071206-227) excep t  i n  t h e  
methanol wash where t h e y  a r e  probably  masked by t h e  methanol .  



Coincident ly  t h i s  p l a t e  a r r i v e d  i n  the t r a y  cleaned a t  che Martin 
Company s o  poss ib ly  the  peaks a r e  from the  t r a y  r a t h e r  than the  
p l a t e .  We have no knowledg: 3f  the  r e s p e c t i v e  p l a t e  l o c a t i o n s  
o r  handling s o  we a r e  ncc a b l e  t o  determine i f  t h i s  p l a t e  i s  more 
l i k e l y  t o  be contaminated. Under .hese chromatographic cond i t ions  
a  peak one inch high correspcnds t~ approximately (6 x  1 0 ' ~ ~ m ) .  
Therefore ,  a  rough q u a n t i t a t i v e  c a l c u l a t i o n  of the  hexane s o l u b l e  
peak is :  

6 x 1 0 - ~ s z m  7.5 inch 1000 n l  
X I 225000 n gm 225p& 

1 inch X . 2  r: 1 a.1 s o l u t i o n  m 1 m 1 

Since  a t  .2 P I  q u a n t i t y  of  the  f i n a l  1 m l  of hexane used t o  wash the  
p l a t e  was i n j e c t e d  then tnr: 225 Itgnr came from t h e  p l a t e  and/or 
the t r a y  and l ikewise  an ttqual c o n t r i b u t i o n  from the sum of the  
contaminants i n  the  benzele  and methylethylketone washes, based 
upon peak he igh t s .  The sun of these  f r a c t i o n s  i s  roughly (225rgm) 

f o r  a  t o t a l  of  hexane 
+ ('I2  benzene + ( ' I2  r g m ) m e t i ~ y l e t h y l k e t o n ~  
450 M gm, or  almost h a l s  a  milligram. Because the  chromatogram 
i s  composed cf predominantly one peak, t h e  mass spectrum of  the  
so lven t  con ta in ing  the  contaminant should y i e l d  e s e e n t i a l l y  t h e  
spectrum of t h i s  one component with a t r a c e  of  the  second com- 
ponent. 



Mass Spectrometric Analys is  of 
Sample P l a t e  Solvent Washes 

A t  the  time we were ??ing t h i s  mass spect rometry  we were 
i n s t a l l i n g  our mass spectrometer d a t a  system and lacked the  
knowledge of i t s  proper and e f f i c i e n t  opera t  ion. Consequently , 
although we have some of t h e  mass s p e c t r a  on computer t ape  wi th  
the op t ion  of p l o t t i n g  them on the  d t g i t a l  p l o t t e r ,  most of 
them a r e  on v i s i c o r d e r  paper which i s  d i f f i c u l t  t o  reproduce 
i n  the  repor t .  S ince  most of the  mass s p e c t r a  were nega t i . - e  i n  
t h a t  t h e  p l a t e s  and probes were c l e a n ,  and t h e r e f o r e  the  s p e c t r a  
show only instrument background, t h e r e  is no need t o  include t h e  
spec t ra .  The one spectrum of r z a l  i n t e r e s t ,  the  hexane wash of p l a t e  
and/or t r a y  (2071206-217), i s  on tape  though and has  been p l o t t e d  
and included i n  the  r e p o r t .  A l l  t h e  v i s i c o r d e r  s p e c t r a  a r e  
a v a i l a b l e  upon reTuest .  

We a r e  not  fami : v i t h  t n i s  mass spectrum and have searched 
the N I H  - Aldermaston Spec t ra  File and t h e  Compilation of 
Mass Spectra  Data by Cornu and Massot wi th  no p o s i t i v e  i d e n t i f i s a -  - 
t ion .  The spectrum presented i c  normalized i n  t h a .  the  most 
in tense  peak (m/e 149) i s  s e t  t o  100% and t h e  r e s t  of t h e  peaks 
a r e  ;re:ented a s  a percentage of t h i s  base peak. 

E s t e r s  of ph tha l i c  ac id  t y p i c a l l y  have a  base peak a t  m/e 
149 but t h i s  i s  not  the  more commoL3 d i o c t y l p h t h a l a t e  wi th  mole- 
C I  ?a r  w?ight 390. Poss ibly  the  molec~ l l a r  ion of t h i s  component 
i s  the  small  peak a t  m/e 312. The r a t i o  of t h e  m/e 149 t o  m/e 91 
is  s i m i l a r  t o  the  spectrum of i s o p h t h a l i c  ac id  wi th  molecular 
weight 166. A t  t h i s  p o i n t ,  l ack ing  the  s p e c i f i c s  of the  t r a y  
washing procedure , we cannct make a  d e f i n i t e  s t r u c t u r a l  a s s ign-  
ment t o  t h i s  component. 



Mass Spect rometer  Probes 

A f t e r  a n a l y z i n g  t h e  s o l v e n t  washes o f  t h r e e  p l a t e s  we s e l e c t e d  
t h e  two probes (2071206-217) and 104153-61) f o r  a n a l y s i s .  Con- 
s i d z r i n g  t h a t  t h e r e  was about  h a l f  a  mi l l i g ram o f  contaminant  
i n  t he  s o l v e n t  washes of  p l a t e  a n d l o r  t r a y  (2071206-217) we looked 
t o  f i n d  t h e  same contaminant  on t h e  probe,  however, t h e  r e s u l t s  
were n e g a t i v e ;  t h i s  probe was c l e a n  t s  was probe (104153-61). 

The probe a n a l y s i s  p r c - e d o r e  was t o  a t t a c h  t h e  probe t o  t h e  
end o f  our  mass spec t rome te r  d i r e c t  i n t r o d u c t i o n  probe and i n s e r t  
i t  i n t o  t h e  mass spec t rome te r  d i r e c t  i n t r o d u c t i o n  probe and i n -  
sert i t  i n t o  t h e  mass spec t rome te r  v i a  t h e  vacuun lock .  T h i s  p laced  
t h e  probe a d j a c e n t  t o  t h e  ion  b lock  which was mainta ined  a t  a 

0 
tempera ture  of 250 C. 

We had cons ide red  t h a t  t h e  contaminant  p r e s e n t  on p l a t e  and,'or 
t r a v  (2071206-217) a c t u a l l y  came from t h e  t r a y  r a t h e r  t han  t h e  
pldi t i  and t h e  l a c k  of  t h i s  contaminant  on t h e  probe conf i rms t h i s .  
The probe (2071206-217) was exposed t o  t h e  same Skylab  env i ron -  
ment as t h e  p l a t e  bu t  d i d  n o t  c o n t a c t  t h e  t r a y  i n  which t h e  p l a t e  
was t r a n s p o r t e d  and washed. Even though t h e  probe has  maybe one- 
hundredth  t h e  s u r f a c e  a r e a  a s  t h e  p l a t e ,  t h e r e  would s t i l l  be 
about  one hund-edth of  t he  contaminat ion  o f  5 micrograms, a 
q u a n t i t y  very  e a s v  t o  obse rve ,  s i n c e  t h e  d i r e c t  probe i n t r o d u c -  
t i o n  is the  most s e n s i t i v e  mass s p e c t r o m e t r i c  method. 



Mzss Spec t ra  Log 

Log Number 

7811 

Sample 

Hex ane 

B e n ~  ne 

Methe 01 

Kethylethylketone 

Hexane 

Hexane 

Hexme 

Hexane 

Nethanol 

Met hano 1 

Pfe thano 1 

Methylethylketone 

Benzen? 

Hexane 

Methanol 

B e n ~ e n e  

Benzene wash of a l l  four  t r a y s  

D i b u t y l p h t h a l a ~ e  [suspect  con ta~a inan t )  

Hexane 

Methylethylketone 

Methar b 1  

Methanol ( con ta ins  d ioc  t y l p h t h a l a t e )  

Red i s t i l l e d  methanol 

P l a t e  ?34/51-61 Hexane wash 

P l a t e  104/53-61 Hexane wash 

P l a t e  104/53-61 Benzene wash 

P l a t e  104153-61 Methylethyiketone 

:'i ~ t e  93/77-84 Hexane wash 

P l a t e  99/77-84 Hexane wash 

? l a t e  2071206-21 7 Hexane wash 

P l a t e  2071296-217 Hexane wash 



Mass Spectra Log 

Log Number 

8505 

8506 

8507 

8601 

8703 

8704 
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Sample 

Plate 20il206-217 benzene wash 

Plate 2071206-217 methanol wash 

Plate 2071296-217 methylethylketone 

Plate 2071236-217 hexane 

Probe 2071206-217 

Probe 104153-61 

Probe 104153-61 



Conclus ion  

Both gas  chromatographic  and mass s p e c t r o m e t r i c  a n a l y s i s  o f  
t h e  s o l v e n t  washes o f  p l a t e s  (99177-84), (104/53-61) and (207/206-217) 
conf i rm t h a t  con tamina t ion  o f  perhaps  a n  e s t e r  o f  p h t h a l i c  a c i d  
i s  p r e s e n t  i n  t h e  amount o f  500 micrograms i n  t h e  wash of p l a t e  
(207/206-217). A c t u a l l y ,  t h e  wash o f  t h i s  p l a t e  may c o n t a i n  
contaminat ion  from t h e  s t a i n l e s s  s t e e l  s u r g i c a l  t r a y  i n  which t h e  
t r a y  was t r a n s p o r t e d  t o  D R I  and subsequen t ly  t h e  s o l v e n t  wash 
was performed. T h i s  t r a y  was washed a t  t h e  Mar t in  Co. i n s t e a d  
of D R I  as t h e  o t h e r  fou r  t r a y s  were,  s o  w e  do  no t  have an a n a l y s i s  
of  t h e  f i n a l  wash o f  t h i s  t r a y  d u r i n g  i t s  c l e a n i n g .  The c o r r e s -  
ponding mass spec t rome te r  probe (2n7/206-217) which was exposed t o  
t h e  same Skylab  environment a s  t h e  p l a t e  (2071206-217) d id  n o t  
have t h i s  contamintint ,  however i t  was n o t  p laced  i n  t h e  t r a y  f o r  
washing. Even though t h e  s u r f a c e  a r e a  o f  t h e  probe could  be one 
hundredth t h a t  a £  t h e  p l a t e  t h a t  would s t i l l  l e a v e  about  5 
micrograms on t h e  probe and t h a t  i s  q u i t e  s u f f i c i e n t  sample s i z e  
f o r  mass spectrufi~ a n a l y s i s  e s p e c i a l l y  v i a  t h e  d i r e c t  probe system 
which i s  t h e  most s e n s i t i v e  sample i n t r o d u c t i o n  method. I f  t h e  
contaminant  d i d  indeed come from t h e  t r a y  r s t h e r  t han  t h e  sample 
p l a t e  then  we can  s t a t e  t h a t  t h e r e  was no s i g n i f i c a n t  con tamina r~ t  
on t h e  t h r e e  p l a t e s  and two probes s e l e c t e d  f o r  a n a l y s i s .  
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3.1 Carrousel Operation a t  Ambient Conditions - This t e s t  
performed two back-to-back funct ional  checks of the  
carrousel  operation a t  ambient temperature and pres- 
sure.  The f i r s t  pa r t  of t he  t e s t  was a 48-hour fun- 
c t i o n a l  with the  telemetry cable  attached. The second 
pa r t  was a 24-hour t e s t  without the telemetry cable  
attached. The S.A. functioned normally throughout the  
e n t i r e  t e s t ;  no anomalies were detected. 

Carrousel Operation a t  Low Temperature and Vacuum - 
This t e s t  was intended t o  check out carrousel  opera- 
t ions  a t  mission simulated cgnditions.  A steady s t a t e  
operating temperature of -80 F was imposed on the 
upper carrousel  motor a f t e r  a simulated mission cool- 
ing ra te .  Pressure was maintained a t  l e s s  than 10-5 
to r r .  The upper carrousel  f a i l e d  t o  completely index 
on the 24th hour and the t e s t  was terminated a t  the 
26th hour. Proper operation of the lower carrousel  
was abserved throughout the t e s t .  

3.3 Mechanical Inspection - Foll2wing the  l a t e r  t e s t  an 
inspect ion of the upper car rouse l  dr ive  mechanism was 
made. There was no ind ica t ion  of mechanical jamming 
a t  room temperature. A burr  was observed on the  
sample a r r ay  face p l a t e  t h a t  may have put a drag on 
the upper s tepper  d r i v e r  motor, but it i s  not believed 
t h a t  i ts  presence alone could s top  the motor. It was 
noted a l s o  a t  t h i s  time t h a t  the upper carrousel  
Geneva dr ive  mechanism has a 113 smaller mechanical 
advantage than the  lower carrousel  dr ive  mechanism 
and was therefore  more l i k e l y  t o  s t a l l  under equal 
loading conditions.  
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